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Editorial 


THE IMPORTANCE OF THE SHAPE AND SIZE OF THE HEART 


GREAT deal of attention has been given to the dilated heart, in connection 

with Starling’s law and with heart failure. The effect of changes in length 
of the cardiac fibers of the ventricle upon their force of contraction, i.e., Starling’s 
law of the heart, is well taught to students. However, there is another way in 
which the diastolic size of the heart greatly affects cardiac function, which is 
seldom taught and is, perhaps, not clearly understood even by the readers of 
this journal. This is the effect of its size and shape upon the simple mechanics 
of the operation of the heart, i.e., the relation between the force developed by 
the ventricular muscle in contraction and the pressure generated in the ventricle. 

Burch!~ and several others have written on this matter, making the same 
points that are emphasized in this article. However, the physical relations 
have been given in mechanical formulae that are, strictly speaking, limited in 
application to “‘spherical’’ hearts, although the result applies to a heart of any 
shape. Perhaps there is little to be gained, in explaining the matter to the non- 
physicist, by adopting approximate formulae of this type rather than going 
directly to the heart of the matter, the general law of Laplace, which enables 
us to understand the role of both the shape and the size of the heart. The conse- 
quences of applying this law to the heart, particularly as to its oxygen require- 
ment, are still not generally appreciated, in spite of the excellent articles by 
Burch and his co-workers. 

Yet the application was made lucidly and most interestingly as long ago as 
1892,4 by R. W. Woods, who was a throat surgeon and demonstrator in anatomy 
at Trinity College, Dublin. Since our laboratory has successfully applied the 
same law of Laplace to the cylindrical blood vessels,5 I may be permitted to 
repeat what was said more than 60 years ago as to the application of the same 
law to the two noncylindrical blood vessels which are the cardiac ventricles. 
I should very much hope that Woods’ paper would be accepted today, with little 
modification, if it were submitted for publication, but this is not likely to happen. 

Woods’ paper is entitled ‘A Few Applications of a Physical Theorem to 
Membranes in the Human Body in a State of Tension,” and he applies Laplace’s 
law not only to the ventricles of the heart but also to the urinary bladder and to 
the uterus. His “physical theorem”’ is the law of Le Marquis de Laplace, that 
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curious mixture of mathematical-physical genius and self-seeking politician who 
dominated the mathematical world in the century following Newton. (He 
completely excluded from his publications all references to the work of his pred- 
ecessors and contemporaries.) The theorem appeared first in Laplace’s Me- 
chanique Celeste, the volumes of which were published between 1790 and 1825. 


THE LAW OF LAPLACE 


The theorem of Laplace applies to a ‘“‘membrane’”’ separating two spaces, 
of any shape, that has a “tension” in it. By this is meant that if a slit were 
cut in the membrane, the two edges of the slit would pull apart with a force of 
a certain number of dynes per centimeter length of slit. The wall of the ven- 
tricle is such a ‘‘membrane,’’ and in the contraction phase a slit in the ventricle 
wall would so pull apart. The tension in the membrane is denoted by T dynes/cm. 
length of slit. There is also a difference of pressure across the membrane, i.e., 
between “‘inside’”’ the ventricle and “‘outside.’’ This is denoted by P dynes/sq. 
cm. (1 mm. Hg = 1,330 dynes/sq.cm.). In systole P will equal the ventricular 
svstolic blood pressure. Now, the law of Laplace states that the difference of 
pressure P and tension T must be related by an equation involving the shape 
of the membrane (its “principal radii of curvature’). This equation is: 


Equation: P=T (2 + 4) (1) 


1 1 

Units: dynes/sq. cm. = dynes/cm. X (2. 2) 

cm. + cm. 

R,; and R, are the “principai radii of curvature” at any point on the mem- 
brane. To explain these radii in general is difficult and involves “‘plane’’ dia- 
grams that are difficult to visualize in three dimensions. It is better here to 
explain the matter with direct reference to what Woods did on hearts from nec- 
ropsy. Perhaps some readers will be reminded of their first year college physics, 
if it is pointed out that for the special case of a spherical membrane, where the 
radii of curvature are equal (R,;= Re), the general equation ‘‘degenerates”’ 
into: 

2T 
P = 2 
(2) 
This is familiar as applied to soap bubbles. For another special case, for cylindri- 
cal vessels, one of the radii of curvature is infinite, since the wall of a cylinder 
is ‘‘flat’’ in one direction (parallel to the axis of the cylinder), so that, 


T 
3 
(3) 
Equation (3) is the one we have applied to the blood vessels to predict their 
instability at low pressures, and the existence of “critical closure.”’ 
Woods took necropsy hearts, ‘‘dilated the ventricles with spirit under a 
head of about 12 in.’’ (this would be a pressure of about 17.5 mm. Hg), and left 


them until they hardened. He then chose a number of points on the surface 
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in which to stick pins in order to represent the ‘“‘normal’’ to the surface at those 
points (such as at P, Fig. 1). At such a point on the surface, two lines, APB 
and CPD, can be drawn at right angles to each other, representing the ‘principal 
lines of curvature’ at that point. In the case of the heart wall, which is approxi- 
mately a surface of revolution, one of these lines (APB) will be approximately 
horizontal, i.e., at right angles to the axis of revolution, the other at right angles 
to this. Then, somewhere on the normal (broken line produced back into the 
heart) there is a center of curvature, O, where one leg of the compasses can be 
put so that the other leg closely describes the arc APB. There is another center 
of curvature, O’, also on the normal, where one leg of the compasses can be put, 
so that the other leg will describe the are CPD. The distances OP, O’P are the 
two “principal radii of curvature’”’ of the heart wall at the point P. The arcs 
APB and CPD were chosen instead of any two arcs at right angles because any 
other pair of arcs would give two other centers of curvature and two other radii 
of curvature. The “principal” radii of curvature are the maximum and the 
minimum radii of curvature that we would find if we tried all the possible pairs 
of arcs like APB and CPD. (For further explanation, the textbooks must be 


consulted.) 


Fig. 1.—Illustration of the principal radii of curvature at a point P on the ventricular wall. N P 
O O’ = “normal” at P. APB and CPD = principal lines of curvature through P. O and O’ on the 
normal = centers of curvature. OP and O’P = principal radii of curvature. 


Woods estimated the radii of curvature for each of his chosen points. He 
then assumed, reasonably, that the thickness of the ventricular wall at any point 
should be proportional to the tension that the wall could develop in systole, i.e., 


T = kt (4) 


where k is the proportionality constant, that is, the tension per unit thickness 
of wall. Then equation (1) becomes: 


p=u(t44) (S) 


If this equation were true, (4 +r 4) should be much the same for all the 
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points he had chosen on the wall for the right ventricle, and similarly constant 
(but with a different value because the pressure P was lower) for all points on 
the right ventricle. His results are reproduced in Table I. 

The agreement with expectation is quite remarkable. The constant (0.055) 
for the right ventricle is about one sixth of that (0.36) for the left ventricle, as 
it should be, since P for the left ventricle is about 125 mm. Hg, and for the right, 
25 mm. Hg. 

We see how the law of Laplace explains the great variation of thickness of 
the ventricular wall. In the very much curved parts of the ventricle, as at the 
apex, the wall can be thin and still produce sufficient tension to develop enough 
pressure in the contents, because the tension is at a ‘‘mechanical advantage.”’ 
When the wall is ‘‘flat,”’ as it is midway up the ventricle (Fig. 2), the tension 
developed must be much greater to produce the same pressure; so, the wall must 
be correspondingly thicker. From this we see that the wall of the right ventricle 
is much thinner than that of the left, since the pressure to be developed is a great 
deal less. 

The same law must apply to the arch of the aorta (Fig. 2). Here the radii 
of curvature on top of the arch are like those of the ventricular wall, i.e., the 
centers of curvature are on the same side of the surface. But below the arch 


TaBLe I. Aputt HEART (NORMAL) 


= 
| | 
LABEL OF r ri t t{-+- 
POINT CHOSEN MM. MM. . 


Under Pressure 12 in Right Ventricle 


| 60 | 60 1.5 050 
Cs | 65 | 80 2.0 055 
ds 32 75 1.25 "055 
as | 75 90 2.2 "054 
es | 30 45 1.0 "055 
fo | 55 90 2.0 | "058 


Left Ventricle 


| 

Pi 36 60 8.0 .35 
Zz 32 80 8.5 .37 
Xi 70 36 9.5 .39 
ry 30 80 8.5 .38 
O1 28 60 7.0 . 36 
S1 70 40 8.5 .33 
80 40 10.0 .37 
Wi 32 80 8.5 34 
f, | 55 16 5.0 | 40 
ti | 70 24 6.0 | 33 
V1 24 70 6.5 . 36 
ni | 60 24 6.0 .35 

| | Average .36 
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the curvatures are opposite in sign. Such a surface is called ‘“‘anticlastic’’; 
where the centers of curvature are on the same side, the surface is “‘synclastic.”’ 


Here the 1 and — are of opposite sign, and subtract in the equation, instead 


of adding together. The result is that for the elastic tension in the wall to with- 
stand the aortic pressure, the thickness of the elastic tissue must be much greater 
on the inside of the arch, where the wall is almost ‘‘flat,’’ than on the outside 
where it is very much curved. Fig. 2 shows that this is actually the case, as I 
have found in the aorta of rabbits and cows. 


Fig. 2.—Law of Laplace and the heart and aorta. Illustration of the relation of the thickness of 
the ventricular wall to the curvature at different points. 


We can go further into quantitative verification of this application of the 
Laplacian law than Woods was able to do. From the results in Table I we can 
calculate the constant ‘“k’’ (assuming that the shape of the heart would be the 
same if it had the normal pressure of 125 mm. Hg in the left ventricle and 25 mm. 
Hg in the right ventricle). Converting these to the right units (dynes per sq. 
cm. for P, and cm. for the radii and thickness) and using equation (5) we find 
that, for the right ventricle, k = 6.1 K 10° dynes/sq.cm., and for the left, 4.5 x 
10° dynes/sq.cm. Let us take the value of k then as about 5 X 10° dynes/sq.cm. 
Now, k is the tension per unit thickness of the wall, i.e., the force per unit length 
(of a “‘slit’’) per unit thickness. This is the force that has to be exerted per sq. 
cm. of cross section of the ventricular wall in order to produce the normal systolic 
blood pressures. It is interesting to compare this with the values available in 
the literature for muscle fibers. The new Handbook of Biological Data,!” Table 
281, gives a number of values for striated muscles in man, all of the order of 
2X 10° dynes/sq.cm., which agrees with A. V. Hill’s data®-for striated muscle. 
Values for heart muscle fibers seem to be lacking, but from Lundin’s data® for 
fibers from frog heart ventricles, the force can be estimated as between 1 to 10 X 
10° dynes/sq.cm. The values for strips of ventricle are obviously not very re- 
liable, since fibers will be cut. Converted to centimeter-gram-second units the 
data then give a value of about 5 X 10‘ dynes/sq.cm., which is understandably 
lower than Laplace’s law demands for the human heart, but might be enough 
for the smaller cat heart. At any rate, it is evident that the shape and size of 
the heart is adapted to produce the normal blood pressure with the available 
contractile properties of cardiac muscle. 
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So much for the shape of the ventricles. The law also reveals a consequence 
of the size of the ventricles that is of much practical importance. As Woods 
points out, if one heart were twice as big in its linear dimensions as another, the 
force it must develop in its walls to produce the same systolic pressure would be 
very much greater. Woods estimated the difference as 8 times, but I think it 
should be 4 times. The radii of curvature will be twice as great, so that (Z 4. 2) 
will be halved. The tension per unit length of arc, such as APB (Fig. 1), will 
have to be twice as great to produce the same pressure. If we imagine the heart 
sliced through at a given horizontal level, the total length of the circumference will 
be doubled, so that the total force to be developed by the muscle over the cross 
section of the cut will be 2 X 2, or 4 times as great (Fig. 3). The wall will also 


P= TUI/R + 


RADI] OF CURVATURE x2 
TENSION. DYNES/CM. x2 
CIRCUMFERENCE‘ CM. x2 


FORCE PER FIBRE. DYNES x4 
TO PRODUCE THE SAME P. 


Fig. 3.—The consequences of dilation of the heart as predicted by the law of Laplace. 


have to be thinner; so, if the force of muscle, when it is made thinner by stretch- 
ing, is proportional to its cross-sectional area, we will have to introduce another 
factor of twice. (This is how Woods reaches 8 times.) However, this is de- 
batable, since the same number of fibers are operating, even if thev are longer 
and thinner. In any case, it is certain that the dilated heart is at a very great 
mechanical disadvantage compared to the heart of normal dimensions. Burch! 
has already pointed this out. The eventual failure of Starling’s law, (i.e., of 
the increased force of contraction with increased initial fiber length) when a 
critical length of fiber is exceeded, is undoubtedly an important factor in heart 
failure. It may be pointed out that the phenomenon of change of direction in 
the graph of contractile force versus initial length is not nearly so abrupt for 
cardiac muscle as it is for striated muscle, where the diagram is so well known. 
Lundin® found, with the fibers of frog ventricle, that the contractile force increased 
from 6 to 8 times to a maximum at 175 to 200 per cent of the unstretched length. 
However, in many cases there was no subsequent decrease in tension on further 
stretch before the fiber broke, and the maximum was quite a ‘‘flat’”’ one. The 
point here is that even though the force is 7 times as great, it needs to be 4 times 
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as great when the heart is twice as large, and 9 times as great when it is 3 times 
as large, if the heart is to pump with the same pressure. Detailed data on mam- 
malian heart muscle fibers, as to the increase in contractile force on stretching, 
seem to be lacking, so that we cannot decide exactly whether ‘“‘overstretching”’ 
or the law of Laplace are most responsible for the point of ‘‘decompensation,” 
but clearly both are important. 


THE LOAD AND THE EFFICIENCY OF THE HEART 


While the increased force of contraction may enable a dilated heart, up to 
a certain point, to do the same amount of external work in pumping blood, as 
a heart of normal size, or even more, the ‘‘efficiency”’ will be decreased with the 
smallest degree of increase in size, even in the ‘“‘compensated’’ phase of Starling’s 
law. The energy and oxygen requirements will be increased because of the 
necessity, when the heart is larger, of maintaining a higher tension in the muscle 
to produce the same systolic pressure. 

So much attention has been paid to the controversial and very difficult 
details of calculation’ of the mechanical work of the heart (f° P.dv) that we are 
liable to forget that by far the major part of the energy requirement of the heart 
may be not for this but for the maintenance of tension in the heart muscle. We 
encounter here the old confusion in the mind of one trained in physics when he 
first encounters problems of physiologic work and fatigue. Work is precisely 
defined as the product of the force times the distance its point of application is 
moved. When I push, without success, on the back of my neighbor’s car to help 
him start it, I do no ‘‘physical’’ work, since the point of application of my force 
does not move at all. Yet, my energy is depleted and my muscles are tired by 
the attempt. This problem has prompted Starr® to suggest a new physiologic 
definition of work; but to a biophysicist it is unthinkable to alter the precise 
definition. The terms “static work’’ and “physiologic work’’ (Burch') have 
been suggested. 

The resolution of the difficulty is, of course, quite simple. Perhaps the 
analogy of Fig. 4 helps the understanding. A crane lifting scrap iron by a hook 
onto a waiting truck does only external work (force X distance), with, of course, 
some frictional losses in the engine. When an electromagnetic pickup is used 
instead of the hook, there is, in addition, the energy cost of maintaining the 
magnetic force, and this is proportional to the force developed and the time it 
is maintained. The classical work of Hartree and Hill® showed that in muscle 
the oxygen consumption and heat liberation is proportional to the product of 
tension developed and the time it is maintained. Thus, the O2 consumption 
of the heart depends on the sum of two factors, not merely the mechanical work 
of the heart (f P.dv) but also the tension X time. The mechanical efficiency 
of the heart is the mechanical work divided by the sum of the two factors, i.e., 
the term involving tension X time, plus the term involving work. 

Exact formulation is not suitable here, since there are complications. There 
is probably an interaction term as well, if cardiac muscle, like striated muscle, 
has a ‘‘Fenn effect,” i.e., a change in the heat produced according to the change 
in length. The kinetic energy term is also to be added. However, this will 


808 BURTON 


not affect the main argument here. The efficiency equation is certainly approxi- 
mately of the form: 


S P.dv 
S P.dv + bf T.dt (6) 


‘ta’ would be the reciprocal of the thermodynamic efficiency of the contractile 
process and “‘b” could be called an ‘‘A. V. Hill coefficient” (since for striated 
muscle, Hill and his co-workers first measured the relation of heat output to 
tension X time). In stating this fundamental consideration, I claim no origi- 
nality. Weiss,’® in 1913, wrote a most discerning paper on ‘‘Le Travail du Coeur” 
stressing the same point, and Wiggers and Katz" considered it in detail. 


Work =Wxh ‘Hook’ Crane 
h 
En. Cons® = W xh ‘Magnetic’ Crane 
+ 
orce VxAxt [r @ Amps 
W U 


Muscle E= Wxh+ fT. dt. 


Heart. E= /P.dv+ fT. dt. 


Fig. 4.—Analogy of the electromagnetic crane to explain the energy expenditure of muscle 
in maintaining tension. 


The important question is what is the relative magnitude of these two factors, 
external work and tension X time, in the energy cost for the heart. I know of 
no modern quantitative data for the heart muscle that would enable us to calcu- 
late this, but there appears to be an answer in the classical papers of Starling 
and Visscher. Visscher and his co-workers have emphasized their conclusion 
from similar work, repeated with refined methods of measurement, many times 
since."- This is that the total O. consumption of the heart, normal or in failure, 
depends upon the diastolic volume and is relatively independent of the external 
work the heart is made todo. Sarnoff and associates! have recent results with a 
new “heart lung” preparation that completely confirms this. The law of La- 
place thus explains why the diastolic size can alter the energy turnover, by in- 
creasing the tension X time required. The fact that the oxygen consumption 
depends so little upon the work of the heart must mean that of the two factors 
the tension X time is much more important than the external work. This relative 
importance would also explain why, as has been found repeatedly, the mechanical 
efficiency of the heart increases markedly when it is made to do more work. The 
numerator of the fraction that measures efficiency, i.e., mechanical work, in- 
creases much more than the denominator, when this is a small item in the total. 
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It appears, therefore, that we should not spend too much effort on refining our 
measurements, or on calculating the work of the heart, while neglecting the 
really important factor, the size and shape of the heart. 


THE HEART RATE AND THE LEVEL OF BLOOD PRESSURE 


In the clinic and hospital, the heart rate is used as the index of stress upon 
the heart. We have been inclined to be apologetic and justify this on the grounds 
that opportunity to measure the actual work of the heart is not easily available. 
We need not apologize. An increase in heart rate increases the important factor 
of the total load, i.e., the tension X time, since the duration of systolic contraction 
decreases very little when the cardiac rate increases. The minor factor, the 
external work, is of course also increased proportionately, other factors being 
equal. Thus, the heart rate may well be a better index of total load than the 
mechanical work of the heart. 

An increase in the systolic pressure, such as in hypertension, will of course 
increase proportionately the tension required in the heart muscle, and so increase 
the product (tension X time). For the same cardiac output, the mechanical 
work of the heart will also increase proportionately, so that both factors of the 
load are increased. If the prolonged hypertension results in dilation of the 
heart, the load will become very great indeed. It is little wonder that hyper- 
trophy of the ventricular muscle is often seen in hypertension. 

Even the loss of elasticity of the aorta with age will impose an increased 
load on the heart. To accommodate the same stroke volume, the pressure in 
the aorta will have to be higher, and this means that the ventricular pressure 
for ejection must rise. Thus, the tension X time factor of the heart increases, 
as does the oxygen requirement of the heart. In this case, however, the me- 
chanical work (/ P.dv) will not necessarily increase proportionately. 


CONCLUSION 


The classical laws of physics apply, therefore, as of course they must, to the 
functioning of the human heart, and emphasize how much concern there should 
be over evidence of any increase in size of the heart, and how important clinically 
it is to correct such changes. We should not let our modern preoccupation with 
details of the calculation of the mechanical work of the heart in pumping blood 
make us forget that, after all, this is not the chief factor concerned with the total 
cardiac load. The size of the heart, the heart rate, and the systolic pressure are 
probably much better indices of cardiac stress than external cardiac work, even 
where this can be measured. What is needed is more quantitative research, 
with modern tools of investigation, of the tension X time relations of heart 
muscle and its thermodynamic cost. Between the production of pressure in 
the ventricle and the force of contraction of cardiac ventricular fibers lie the 
simple geometrical mechanics of the heart that may be all-important. 


ALAN C. BuRTON* 


*Department of Biophysics, University of Western Ontario, London, Ont., Canada. 
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ELECTROCARDIOGRAPHIC OBSERVATIONS ON TEN SUBJECTS 
AT SEA LEVEL AND DURING ONE YEAR OF RESIDENCE 
AT HIGH ALTITUDES 


DANTE PENALOzA, M.D., AND MAx Ecuevarria, M.D. 


Lima, PERU 


T IS well known that at high altitudes chronic anoxic anoxia determines ana- 
tomic and physiologic changes in the people living permanently in these 
places. The classical signs of right ventricular hypertrophy, and those of right 
bundle branch block, can be found in the electrocardiogram.'! Positions of the 
AQRS vector in Bayley’s 1, 2, 3, and 4 sextants, deep S waves in the left pre- 
cordial leads, and a tall, late R wave in aVR, all are common findings.2 The 
present investigation was undertaken to determine whether similar changes are 
found in subjects taken from sea level to high altitudes for a period of 1 year. 


MATERIAL AND METHODS 


Ten normal men between the ages of 18 and 23 years were studied. The investigations were 
made in Lima, at sea level, and in Morococha at an altitude of 4,540 meters (14,900 feet). Moro- 
cocha is located a distance of 4 hours by motorcar from Lima, and has a mean barometric pres- 
sure of 446 mm. Hg. In the natives living at this altitude the alveolar pO: is about 50 mm. Hg, 
and the arterial blood oxygen saturation, 80 to 81 per cent. 

At sea level, an electrocardiogram was taken in basal conditions. At high altitudes, 5 elec- 
trocardiographic observations were carried out under the same conditions. In 5 of the subjects 
these studies were made after 1, 3, 5, 8, and 12 months of residence at high altitudes.* In 5 other 
subjects the observations were made after 2, 4, 6, 8, and 12 months of residence at high altitudes. 

A Sanborn Viso-Cardiette was used in Lima, and a Cambridge Simpli Trol in Morococha. 
Standard leads, augmented unipolar limb leads, precordial leads, and Lead V;R were recorded. 
The model described by Pefialoza and Tranchesi® was used in order to calculate AP, SAQRS, 
and SAT vectors. In this model the elliptical form of the cylinder, representing the thoracic cage, 
and the eccentric position of the “electric center’’ have made it possible to obtain a smaller dis- 
crepancy between calculated and real vectors. For some scalar measurements, the projection of 


the electrocardiograms, with an increase of 10 diameters, was used. 


From the Department of Pathological Physiology, and the Heart Laboratory, the Institute of 
Andean Biology, University of San Marcos, Faculty of Medicine, Lima, Peru. 

This work was supported mainly by the School of Aviation Medicine, USAF, Randolph Field, 
Tex., Contract AF 18(600)-174, and partially by the Division of Research Grants, U. 8S. Public Health 
Service. 

Received for publication March 18, 1957. 

*One of the subjects deserted after 6 months of residence at high altitudes. 
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RESULTS 


A. Vectorial Observations.—The vectorial findings are shown in Table I, 
and in Figures 1, 2, 3, and 4. 

AP vector: The frontal projection of P (AP) showed only insignificant 
variations. The mean spatial vector (SAP) was not calculated because the 
high thoracic leads were not registered, and it is known, through our own studies, 
that the zone of null potential of the P electrical field is found, in general, over 
V:. However, no substantial changes apparently occurred in the sagittal di- 
rection of SAP. 

SAQRS vector: At sea level the frontal projection of this vector (AQRS), 
with only one exception, occupied the last sextant of Bayley (Fig. 1). After 
1 year of residence at high altitudes, most of the cases were located in sextant 5. 
The right SAQRS deviation was 70° in Case 10 (Figs. 1 and 2). In 2 other sub- 
jects (Cases 2 and 5) the AQRS vector shifted from +40° and +30° to — 140° 
and — 150°, respectively (Figs. 1 and 3). In only 1 case was no variation of 
SAQRS observed (Case 4). In most of the cases there was also a variable degree 
of backward SAQRS rotation, which is inferred from the horizontal and sagittal 
projections of SAQRS (Table I), as well as from the shifting of the transitional 
zone toward the left precordial leads. 

SAT vector: Unimportant variations occurred in the frontal projection of 
this vector (AT), while significative deviations on the sagittal plane were ob- 
served in some subjects. Cases 3 and 10, in which accentuated backward SAT 
rotation was observed, showed negative T waves in the right precordial leads 
up to V; (Figs. 2 and 4). Three cases in which no deviations of SAT were ob- 
served showed T waves which were normal in direction but abnormal in contour 
(Fig. 3). Finally, in 3 other cases, neither vectorial nor scalar changes of the 
T wave were observed. 


TABLE I. OxseRvATIONS on AP, SAQRS, anv SAT Vectors In TEN SuBsects AT LIMA AND AFTER ONE YEAR OF 
RESIDENCE IN MOROCOCHA 


Ap SAQRS | SAT 


SUB- | | MORO- LIMA MOROCOCHA LIMA MOROCOCHA 
JECTS LIMA | 


+60 | +60 | +60 | —55 | +55 | +95 | —95 | +45) +5 | +20 | +165 | +30 | +15 | +115 


+60 | +60 | +30 | —40 | +35 | +90 | —90 | +60 | +45 | +30 | +130 | +45 | +30 | +130 
+65 | +65 | +60 | —60 | +45 | +75 | —80 +30 | +5 | +50 | +165 | +45 | +30 | +120 
+30 | +50 | +25 | —25 | +40 | +95 | —95 +60 O | +15 | +180 | +5 | —15 | +5 


l 

2 +65 | +65 | +40 | —30 | +60 | —140 | —145 | —50 | +40 | +15 | +105 | +40 | +15 | +105 
3 +30 | +35 | +50 | —15 | +75 | +95 | —95 +45 | +30 | +30 | +135 | +30 | —40 | +30 
4 +30 | +45 | +60 | —50 | +50 | +60 | —50 | +50 | +55 | +45 | +140 | +60 | +50 | +130 
5 +60 | +60 | +30 | —45 | +30 | —150 | —150 | —60 | +25 | +25 | +125 | +35 | +25 | +120 
6 +65 | +55 | +25 | —25 | +45 | +40 | —65 +20 | +45 | — | — | +50; — | — 
7 +75 | +75 | +75 | —30 | +80 | +90 | —90 | +65 | +60; — | — /| +70; — | — 
8 

9 

0 


F = frontal plane; H = horizontal plane; S = sagittal plane. 
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B. Scalar Observations —The scalar findings are shown in Tables II and 
III, and in Figures. 2, 3, and 4. 

Heart rate: The heart rate decreased in most cases. In some of them, 
the heart rate was less than 60 cycles per minute. This change occurred in some 
cases from the first months. In others it was observed by the fifth or sixth 
month, after an initial period in which the heart rate was higher than at sea 
level. In nearly all cases, an important degree of sinus arrhythmia was observed 
at high altitudes. 


FRONTAL POSITION OF SAQRS VECTOR 


+90° 


AFTER TWELVE MONTHS AT MOROCOCHA 
ne (14900 FEET ABOVE SEA LeveL) 


Fig. 1.—The frontal projection of the SAQRS vector shifts to the right, after 1 year of residence 
in Morococha. In most cases, SAQRS shifts from sextant 6 to sextant 5. In Cases 2 and 5, SAQRS 
shifts to sextant 3. Only in Case 4 does no deviation occur. 


P-R, QRS, and Q-T intervals: Slight changes were observed in P-R, QRS, 
and Q-T intervals. The variations of P-R and Q-T intervals were proportional 
to those of the heart rate. The longest Q-T interval, 0.46 sec., was observed 
in Case 10, after 8 months of residence at high altitudes, when the heart rate 
was 55 cycles per minute (Table II) and the right precordial leads showed nega- 
tive, symmetrical, and peaked T waves (Fig. 2). At that period, the difference 
between the Q-T interval measured and the ideal Q-T interval slightly exceeded 
the maximal normal value determined from Bazett’s formula. 

P wave: Throughout our study no significant changes in amplitude, dur- 
ation, and contour occurred in P waves. 

QRS complex: The scalar changes of the QRS complex were proportional 
to the magnitude of SAQRS deviation. It can be seen by comparing the values 
of Table III with the degree of shift in SAQRS shown in Fig. 1. 

The ORS complex frequently increases its negative voltage in Leads I and 
aVL, and also its positive potential in Leads III and aVF, but the latter does 
not occur, obviously, when SAQRS shifts to the third sextant. Changes from 
qRs or qR types to rS or qrS patterns are frequently observed in Leads I and 
aVL. Changes from rs or rsr’ types to qgR or qRs patterns can be observed in 
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Leads III andaVF. In Lead aVR the late R wave gradually increases its ampli- 


tude and in some cases goes beyond the maximal normal value pointed out by 
Sokolow‘ (Figs. 2 and 3). 


I pig ar 


a 


> 
(a) 


aT LIMA (sea Lever) 


<> 
Jw 


AFTER (2 MONTHS AT MOROCOCHA (4,900 FEET ABOVE SEA LEVEL) 


Fig. 2.—Case 10. a, Electrocardiogram recorded in Lima. ), c, d, e, and f, Tracings recorded in 
Morococha after 2, 4, 6, 8, and 12 months of residence in this place. g, Tracing obtained in Lima 1 
year later. The SAQRS shifts to the right and backward, after 1 year of residence at Morococha (f). 
Its frontal projection changes from +25° to +95°. The S wave becomes progressively deeper in Leads 
I, Vs; and Vs. The late R wave becomes higherin aVR. The QRS transitional complex displaces itself 
from V; to Vs. On coming back to sea level (g), these changes disappear completely. SAT shifts back- 
ward, but its frontal projection does not change. In the right precordial leads, the changes of the T 
wave are progressive up to tracing e. In tracing f these changes decrease. The RS-T segment in V2 
shows a positive displacement in tracings b, c, and d. All these changes disappeared in the record ob- 
tained in Lima (g). 
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In the left precordial leads the S wave becomes progressively deeper, and, 
also, the R/S index decreases. In Case 2, the QRS complex at sea level is of 
Rs pattern in Ve, but it changes to an RS, and later on to rS, pattern during the 
residence at high altitudes (Fig. 3). 

In the right precordial leads the R wave and the R/S index do not increase 
their values, in contrast to that occurring in typical cases of right ventricular 
hypertrophy. Late R waves in the right precordial leads did not appear in any 
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Fig. 3.—Case 2. a, Electrocardiogram recorded in Lima. }, c, d, e, and f, Tracings obtained in 
Morococha after 1, 3, 5, 8, and 12 months of residence in this place. The SAQRS shifts from +40° 
to —140°. Tracing f shows predominant S waves in the standard leads, and the late R wave is of great 
amplitudeinaVR. The QRS complex in V4, V5, and V¢ gradually becomes negative. SAT did not vary. 
In the right precordial leads, the T wave is upright but it is atypical in shape. This abnormality decreases 


in the last tracing (f). 
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case. In one case a late R wave in V; was observed in the tracing recorded at 
sea level and it remained invariable throughout this study. The time of in- 
scription of the intrinsicoid deflection in precordial leads did not show significative 
variations. 

The index R in V; plus S in V; gradually increases, and frequently it goes 
beyond the maximal normal value, 10.5 mm., pointed out by Sokolow.* The 
R/S in Vs in V; 
index 

R/S in Vi 
obviously, sl to the increased depth of the S wave in V;. 


progressively decreases. In both indexes the variations are, 


(a) 
LIMA (SEA LEVE! 


= 


AFTER MONTHS AT MOROCOCHA (14,900 FEET 


Fig. 4.—Case 3. a, Electrocardiogram recorded in Lima. ), c, and d, Tracings obtained in Moro- 
cocha after 1, 3, and 5 months of residence. No further observations were obtainable in this case. The 
SAQRS shifts to the right and backward. Its frontal projection shifts from +50° to+95°. The pro- 
gressive scalar changes in Leads I and aVR and in the left precordial leads can be seen. SAT shifts back- 
ward but its frontal projection does not change. The T wave is negative up to V3. The displacement of 
RS-T segment increases up to tracing d, masking partially the negativity of the T wave. 


RS-T segment and T wave: The variations of the ventricular repolarization 
process were found only in the right precordial leads. This occurrence is ex- 
plained by the tendency of the SAT vector to shift backward, without any change 
on the frontal plane. The magnitude of the scalar changes was proportional to 
the magnitude of the backward SAT deviation. 

In some cases in which SAT remained invariable, no scalar changes of the 
T wave were observed. In Cases 3 and 10, in which there was an important 
degree of backward SAT deviation, those changes were accentuated. In Case 3, 


b j 

2 

cK, 

| 

LEVEL 

a 

| 


} esa ony ECG OBSERVATIONS AT SEA LEVEL AND HIGH ALTITUDES 817 
one month after the subject’s arrival in high altitudes, the T wave became nega- 
tive in V;, V2 and V3, and in the same leads the RS-T segment showed a slight 
elevation with upward convexity (Fig. 4). The latter finding was more ac- 
centuated in the following tracing, masking in part the negativity of the T wave. 
In the fifth month the appearance of the RS-T segment and the T wave is similar 
to that observed in cases of acute cor pulmonale.’ Further studies were not 
carried out on this subject because he deserted. 

In Case 10, in the first control carried out at high altitudes, similar changes 
were observed in the right precordial leads up to V2 (Fig. 2). In the following 
tracings the elevation of the RS-T segment decreased and the T wave became 
negative, symmetrical, and peaked up to V3, sketching a terminal inversion in 
V;. In the last observation, performed after 1 year of residence at high altitudes, 
these changes decreased in magnitude as well as in extension. 

In the remaining cases the changes of the T wave were of less importance. 
The T wave in the right precordial leads remained upright but it showed an ab- 
normal contour, and a notch appeared in its descending limb (Fig. 3). These 
changes decreased in the last control, in contrast to those of the QRS complex 
which were progressive until the last observation. 


DISCUSSION 


Heart Rate.—A rise in the heart rate in some cases, and a decline in others, 
was observed during the first months of residence at high altitudes (Table II). 
Individual differences in the adaptive responses to the influence of a high altitude 
environment would explain this variable behavior. In almost every subject 
the heart rate decreased between the fifth and eighth months and an accentuated 
sinus arrhythmia appeared. Bradycardia and sinus arrhythmia are also common 
findings in the natives living at high altitudes, and these characteristics have 
been explained by predominance of the vagal tone.® 

P-R, QRS and Q-T Intervals.—Only slight variations were observed in P-R, 
ORS, and Q-T intervals. The P-R and Q-T changes were proportional to those 
of the heart rate. Only in Case 10 did the measured Q-T interval slightly exceed 
the maximal value of the ideal Q-T interval, determined from Bazett’s formula. 
This finding coincided with negative, symmetrical, and peaked T waves in the 
right precordial leads (Fig. 2). The prolonged Q-T interval in this case might 
be explained by the abnormal way of the ventricular recovery process. 

Auricular Activation Process.—After 1 year of residence at high altitudes, 
the P wave does not show abnormalities. It is interesting to point out that the 
P wave is also normal in people living permanently at high altitudes. Signs 
of auricular overloading appear only when the acclimatization to this environ- 
ment is lost (chronic mountain sickness).? 

Ventricular Activation Process.—The more important changes in the QRS 
complex can be summarized as follows: SAQRS shifts to the right and back- 
ward; Leads I and aVL increase their negative potential; Leads III and aVF 
augment their positive potential; the late R wave in aVR becomes higher; and 
the S waves in the left precordial leads become deeper. Electrocardiograms 
with these characteristics have been described either as a result of changes in 
the heart position or as a consequence of right ventricular hypertrophy. 
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PENALOZA AND ECHEVARRIA 


Clockwise rotation around the long axis of the heart, with backward rotation 
of the apex, would be the explanation for the aforementioned type of the elec- 
trocardiogram. This rotation would be determined by the hyperventilation 
observed at high altitudes. In Case 10, an electrocardiogram recorded 1 year 
after the subject’s return to sea level (Fig. 2,g) was similar to the one taken at 
sea level at the beginning of this study. This observation apparently would 
agree with the hypothesis which explains the QRS changes as a result of vari- 
ations in the cardiac position. 

On the other hand, the changes of the QRS complex are similar to those 
observed in the native residents at high altitudes, even though the scalar and 
vectorial changes are more accentuated in the latter.’ Electrocardiograms 
with these characteristics have been described in cases of right ventricular hyper- 
trophy, especially in cases of chronic cor pulmonale.*:7-" It is well known that 
the residents at high altitudes have very large and congestive lungs in which 
there is an accentuated degree of capillary dilatation but no changes in pulmonary 
arterioles." In the same subjects, an absolute and relative increase of pulmonary 
blood volume," and a slight or moderate degree of pulmonary hypertension," 
as well as right ventricular hypertrophy,” have been described.* Therefore, 
it is reasonable to suppose that the QRS changes observed in the subjects of this 
study have a similar significance. Such changes would be a previous stage to 
the QRS variations observed in the acclimated residents at high altitudes and 
would represent, at least partially, an incipient development of right ventricular 
hypertrophy. 

The following observations would favor this last hypothesis: (1) The QRS 
changes were progressive during 1 year of study, while the hyperventilation 
decreased. (2) The QRS changes are not rapidly reversible when coming back 
to sea level, as can be observed in subjects who have lived for a long time at high 
altitudes and then returned to sea level. (3) The x-ray examination carried 
out after 1 year of residence at high altitudes showed a slight or moderate en- 
largement of the transverse diameter and cardiac area, and a slight prominence 
of the pulmonary artery. (4) In the same subjects the mean systolic pressure 
in the pulmonary artery and right ventricle is 25 mm. Hg; the total vascular 
pulmonary resistance is close to 300 dynes/sec./cm.-*, and the work of the right 
ventricle is 10 to 13 joules per minute.“ 

The right ventricular hypertrophy beginning to develop could slowly reverse 
when the subject returns to sea level. It would explain in Case 10 the electro- 
cardiogram recorded 1 year after the subject’s return to sea level (Fig. 2,g). The 
reversion of the right ventricular hypertrophy would be similar to that observed 
after the surgical treatment in some heart diseases. 

In summary, there are enough reasons to suppose that factors relative to 
positional variations of the heart and right ventricular hypertrophy should be 
considered in the genesis of the QRS changes observed during 1 year of residence 
at high altitudes. 

*The mechanism of right ventricular overloading can be outlined as follows: anoxemia—hyper- 


volemia with polycythemia— increase of the pulmonary blood volume— pulmonary hypertension— 
right ventricular hypertrophy. 
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Ventricular Repolarization Process——The T wave became negative in the 
right precordial leads (Fig. 2) and, frequently, these negative T waves were 
preceded by upright T waves which were abnormal in contour. In other cases, 
the abnormal contour of the T wave was the only change (Fig. 3). Finally, in 
some cases an elevation of the RS-T segment in the right precordial leads was 
observed in the first months of this study. 

These variations are not similar to those occurring during acute anoxia.'® 
They are not similar to those determined by respiratory alkalosis.!7* The changes 
of the T wave are not correlated with the variations of the heart rate. Finally, 
they are not proportional to those of incipient right ventricular hypertrophy. 

The variations observed in the ventricular repolarization process are similar 
to those described in cases of acute cor pulmonale.’ Nevertheless, the subjects 
of this study were all young and healthy men; they were asymptomatic during 
their residence at high altitudes and could carry out normal activity. 

The T wave and the RS-T segment are of normal configuration in the native 
residents at high altitudes.'> Nevertheless, when these subjects lose their 
adaptation to high altitudes (chronic mountain sickness) and an increment of 
the anoxemia and right ventricular overloading occur, the right precordial leads 
show characteristics similar to those described in our cases.2. Therefore, the T 
and RS-T changes in subjects taken from sea level to high altitudes could be 
interpreted as evidence of imperfect adaptation to high altitudes, and it is in 
accord with the observations carried out on other physiologic characteristics 
of the same subjects.!8 

Right ventricular strain would be the early conseque:ce of the anoxemia, 
and right ventricular overloading in the new conditions of life. In almost every 
case these changes decreased or disappeared in the last months of residence at 
high altitudes, pointing out an improvement in adaptation to this environment. 


SUMMARY 


1. Ten subjects were taken from Lima, at sea level, to Morococha, at an 
altitude of 4,540 meters (14,900 feet). The electrocardiographic changes which 
occurred during 1 year of residence in Morococha were studied. 

2. No variations of the auricular activation process were observed. 

3. The following observations were made in the ventricular activation 
process: SAQRS vector shifted to the right and backward. In Lead aVR the 
late R wave became higher. In the left precordial leads the S wave became 
deeper. These were progressive changes of slow development, having an ana- 
tomic significance. Two factors were probably responsible for them: variations 
in the cardiac position, and an incipient development of right ventricular hyper- 
trophy. 

4. The following changes were observed in the ventricular repolarization 
process: SAT tended to shift backward without variation on the frontal plane. 
In the right precordial leads the T wave became negative or abnormal in shape. 


*Severe hyperventilation was not observed in the subjects of this study. The alveolar pCO: and 
the pH of the blood did not show important variations."* 
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Elevation of the RS-T segment was also observed in the first months. All these 
changes decreased or disappeared in the last months. A functional significance 
was attributed to them: they were the early response to the anoxemia and 
right ventricular overloading. 

5. One year of residence at high altitudes was not sufficient time to de- 
termine QRS changes as important as those observed in the native residents at 
these altitudes. One year of residence was also insufficient time, in most cases, 
for the T wave changes to disappear. The incomplete acclimatization, from 
the electrocardiographic point of view, after 1 year of residence at high altitudes, 
was in agreement with what occurred in other physiologic characteristics of the 
same subjects. 
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THE ELECTROCARDIOGRAM OF THE 2-STEP 
EXERCISE STRESS TEST 


G. W. MANNING, M.D. 


LONDON, CANADA 


REQUENTLY the diagnosis of angina, particularly in atypical cases, is 

difficult. Various forms of stress or effort tests have been studied for many 
years with a view to producing diagnostic abnormalities in the ECG indicative 
of inadequate coronary blood flow. Considerable confusion exists with regard to 
technique and particularly interpretation. The combination of severe exercise 
and anoxia is known to produce definite and obvious ECG abnormalities in 
the absence of coronary disease.! On the other hand, mild to moderate exer- 
tion may have little or no effect on the ECG in individuals with angina. Many 
investigators have attempted to establish the ideal test, but with little general 
acceptance. We feel that the individual in whom angina is suspected should 
first be subjected to approximately the maximal amount of exertion that he is 
accustomed to, recording the ECG at intervals up to 10 minutes. This, of course, 
is a most unstandardized method—but one which we have used at times to some 


advantage (Fig. 1). 


Fig. 1.—Case 1. 39-year-old man. A, ECG normal at rest. B, Following mild exertion, brisk walk 
up and down. 
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Hospital, London, Ontario, Canada, and the Royal Canadian Air Force. 
This work was supported in part by the Defense Research Board of Canada and the Ontario Heart 
Foundation. 
Received for publication April 8, 1957. 


| 
4 
A. B. 
823 


824 MANNING December, 1987 


In view of the known effects of posture, exercise, electrolytes, and other 
physiologic variations on the electrocardiogram,? it is of importance that any 
stress test utilizing the ECG should be standardized as carefully as possible and 
yet remain practical in the technique of carrying out the test. The modification 
of the exercise test introduced by Master** provides a practical and useful 
standard technique which has met with fairly wide acceptance. There is, how- 
ever, by no means any such similar acceptance as to the criteria for a positive 
test or, in fact, agreement as to the diagnostic value of the procedure, although 
evidence is increasing as to its usefulness in the assessment of angina pectoris. 


Fig. 2.—Case 1. Section showing marked intimal thickening. Generalized severe coronary athero- 
sclerosis. Myocardium normal. 


Many do not agree with Master’s criteria. There is a variation of opinion with 
regard to S-T segment depression ranging from 0.5 to 2 mm. for an abnormal 
depression.’ In view of the unstable nature of the T wave, some disregard T-wave 
changes in the absence of S-T depression (Fig. 3). 

In the interpretation of the test it is important to consider the changes that 
normally occur as a result of exercise and tachycardia due to exercise (i.e., the 
immediate tracing). The P wave becomes larger in Leads II and III, and a 
negative P; may become positive. (The P vector becomes more vertical as does 
the heart.) The auricular T wave becomes more pronounced and it is opposite in 
polarity to the P wave; also, the auricular wave shortens and, in order to main- 
tain an area equal and opposite to that of P, it also becomes deeper. Furthermore, 


3 
3 

q 

: j 

a 

i 

| 

q 

4 

4 

3 

3 

| 

é 


} an ly ECG OF 2-STEP EXERCISE STRESS TEST 825 
the auricular T wave lasts beyond the end of the QRS and therefore can cause the 
S-T segment to deviate (Fig. 4). In order to avoid errors of this nature, the 
junction of the P-R with QRS should be used as a reference level; further assist- 
ance is provided by extending a sloping P-R interval into the S-T segment, in 
order to estimate the amount of deviation due to the auricular wave. 

There is also a decrease in the ventricular gradient as a result of exercise 
causing the S-T-T vector to become directed opposite to the mean QRS vector. 
Moreover, the junction is normally depressed by the tachycardia of exercise 
resulting in a sloping segment or acute angle of less than 90° between the R wave 
and S-T segment. These changes disappear quickly as the tachycardia subsides. 


‘ 


B. 


Fig. 3.—Healthy young man, aged 18 years. Two-step exercise test: A, before; B, immediately 
after; C, 2 minutes after. Immediately following double stress test, T, becomes negative associated with 
cardiac acceleration. Ice water produced similar T, inversion again associated with cardiac acceleration. 
T,4 became negative only with increased heart rate. Normal at 2 minutes after and no segment changes. 


When a patient with coronary artery disease performs the test, the S-T-T com- 
plex is influenced by these ‘‘normal’”’ factors plus the effects of inner layer ischemia, 
which shortens the duration of recovery, producing a gradient decrease and S-T 
depression. Another feature of the abnormal S-T segment depression is its flat 
or sagging nature compared to the rapid rise from S to T in the normal. We 
have observed that the persistence of the segment depression (or its late occur- 
rence) beyond the immediate, and often the 2-minute, tracing is a feature of the 
positive test, whereas the depression due to tachycardia (usually sloping up) 
disappears with the tachycardia. 

Since the S-T deviations due to tachycardia and those due to inner layer 
ischemia have similar direction, the distinction between the two is often difficult. 
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Examples of obvious S-T abnormalities are seen from time to time in proved 
cases of severe angina or coronary insufficiency due to other causes (tachycardia, 
marked fall in blood pressure, anemia, etc.). 

In the course of these studies we have observed the effects of exercise in 
varying degrees on a large number of obvious and proved cases of coronary 
disease. The degree and type of the S-T change in these cases ought to be taken 
as an index of what should be regarded as a “‘positive’’ response. In other words, 
one should see in the postexercise tracings changes similar to those which appear 
in proved cases of coronary insufficiency. 


Fig. 4.—Male, aged 36 years. No evidence of heart disease. Sinus tachycardia with false segment 
depression. 


CASE ILLUSTRATIONS 


Case 1.—A very good example of this positive response occurred in a 39-year-old man who 
was in good health until 8 months before death, when he began to complain of pain in the arms and 
chest on exertion. An electrocardiogram taken at this time failed to reveal any abnormalities. 
The pain responded well to nitroglycerin, but it recurred with slight to moderate exertion. Shortly 
after this, during an admission to Department of Veterans’ Affairs Hospital, Westminster, the 
clinical examination revealed nothing of significance. The blood cholesterol was found to be over 
600 mg. per cent. He complained of increasing angina; the electrocardiogram remained normal 
except following exercise (Fig. 1). Mild exertion produced true S-T segment depression (a full 
2-step test was never carried out in this case). Consideration was given to surgical procedures to 
relieve the angina when the patient suddenly died. Autopsy revealed a very marked grade of 
atherosclerosis of all major branches of the coronary arteries. The myocardium appeared normal. 
The heart was not enlarged. Death was considered to be the result of acute coronary occlusion 
without infarction (Fig. 2). 

Case 2.—This patient, a 77-year-old woman, presented an obvious clinical picture of severe 
angina pectoris of increasing severity during the previous 2 years. She experienced numerous 
attacks daily, frequently at rest. She received considerable benefit from nitroglycerin. Elec- 
trocardiograms taken during attacks of angina showed an obvious further increase in the segment 
depression which, following the use of nitroglycerin and on the relief of symptoms, returned to 
the levels observed before the attack (Fig. 5). This case again illustrates the typical effect of a 
true S-T depression resulting from a temporary further increase in myocardial anoxia associated 
with coronary insufficiency. It also illustrates a return of the segments to more normal levels 
when the degree of myocardial anoxia has been reduced by the use of nitroglycerin, whether this 
be due to an actual increase in coronary flow or reduction of myocardial oxygen consumption 
associated with reduced cardiac work. 
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Case 3.—In cases of healed myocardial infarction without subsequent angina, one would not 
expect a positive response unless some degree of coronary insufficiency of the remaining arteries 
was also present. (There is, of course, no reason for the procedure in such cases of known coronary 
artery disease.) Although the test should never be done in the presence of acute or recent myo- 
cardial infarction, we have had the opportunity to study this in a set of tracings sent to us for 
interpretation from another center (Fig. 6). The initial tracing in this case revealed the pattern 
of an acute posterior infarction. The precordial Leads V; - V,¢ revealed a normal pattern frequently 
seen in posterior infarction, which may have led to the further investigation. An exercise stress 
test was carried out in this case shortly after infarction had occurred. This showed definite further 
segment changes in the postexercise tracing. This case, therefore, clearly illustrates S-T segment 
changes occurring as the result of myocardial infarction and also the effect of further myocardial 
anoxia, resulting from exertion in a proved case of coronary artery disease. 


A. B. 


Fig. 5.—Case 2. Female, aged 77 years. Severe angina. ECG at rest, during classical attack of 
angina pain, and following nitroglycerin with relief of symptoms. Note segment changes. A, Resting, 
March 28, 1955. B, During pain, April 20, 1955. C, Following nitroglycerin, April 20, 1955. 


CasE 4.—This 41-year-old man complained of chest pain on exertion. He had suffered classi- 
cal cardiac infarction, confirmed by the electrocardiogram, 6 months prior to this study. During 
an exercise stress test, carried out at another center, he experienced some shortness of breath. 
The clinical examination was essentially negative. A single 2-step test was also considered as 
negative. The effect of a double 2-step stress test certainly raises some question as to whether or 
not it should be interpreted as a positive test (Fig. 7). This case illustrates the difficulty in assess- 
ing the value of the 2-step test. It is an example of obvious coronary disease with a classical 
posterior infarction 5 months before the stress test was carried out. This man presented a history 
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very suggestive of angina according to the records. Such a result raises the question of whether or 
not one should consider this as a negative stress test, which certainly can occur in cases of healed 
myocardial infarction. It also points out the importance of interpretation with regard to S-T 
segment depression. The response is considered as doubtful and perhaps it should be considered 
as negative. In cases such as this, one should rely on the clinical findings and the history rather 
than the 2-step test. This illustrates that the test by itself can be misleading and of little or no 


help in certain individuals. 


BEFORE AFTER BEFORE AFTER 
EXERCISE EXERCISE EXERCISE AT RES 


Fig. 6.—Case 3. Male, aged 41 years. The effect of an exercise stress test on the electrocardiogram 
of acute posterior cardiac infarction. Note segment changes following exercise. Classical posterior 
pattern 2 weeks later. 


It is our opinion that the procedure (or a modification employing less exer- 
tion initially in cases of apparent marked decrease in exercise tolerance) is of 
definite value in many doubtful cases. We feel, however, that more rigid criteria 
should be employed, while realizing, of course, that such may well result in a 
greater number of false negative tests. It would seem preferable to occasionally 
miss the diagnosis than to make a diagnosis of coronary disease when, in fact, 
none exists. Interpretation of the response to exercise, however, becomes of 
considerable importance in routine studies required, for example, for selection 
of aircrew personnel, and in the assessment of cardiovascular status in trained 
pilots and others in highly responsible occupations, insurance, industry, etc. 
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Fig. 7.—Case 4. Male, aged 41 years. Cardiac infarction 6 months prior to stress test. 
reveals questionable changes following exercise (see text). 


Tracing 
Single 2-step test: 
after; C, 6 minutes after. 


A, resting; B, immediately 
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METHODS 

In view of the difference of opinion as to what constitutes a positive response in the ECG 
following exercise, a study of 200 carefully investigated healthy, fit, young men between the ages of 
18 and 24 years of age was carried out for comparison with changes observed in proved cases of 
coronary disease as illustrated above. Although there are a number of well-documented cases of 
coronary disease in young men, the incidence in a highly selected group should be extremely low. 
In the group studied, a complete physical examination had been carried out. All showed a normal 
routine 6-lead electrocardiogram, a 6-foot chest x-ray, psychiatric examination, aptitude tests, 
etc. Following the extensive selection procedures, all were considered as fit for full flying train- 
ing in the Royal Canadian Air Force, and consequently represented a highly selected group of 
healthy, normal young men. 

A single and double 2-step test, in accordance with Master’s procedure, was carried out in 
all cases. Simultaneous Leads I, II, III, and V4 were recorded on a 4-channel Sanborn Poly-Viso 
recording apparatus. 

The exercise stress test was carried out 2 hours after meals, with at least 4 hours intervening 
between the “‘single’’ and ‘double’ 2-step tests. Tracings were taken (simultaneous leads) 
before, immediately after (within 5 seconds), and at 2 and 6 minutes following exercise, the elec- 
trodes remaining in place throughout the procedure. 

RESULTS 

Since the immediate tracing was obtained within 5 seconds following the 
stress test, an obvious increase in heart rate was noted in both the single and 
double procedures (Fig. 8). In this series there was no correlation between posi- 
tive or “doubtful” results and the heart rate response to exercise. Furthermore 
in this series, the failure of a heart rate to return to within 10 beats of the resting 
rate must be considered to be of no significance. There were 6 cases in which 
the heart rate remained at 10 or more above the resting level at 2 minutes fol- 
lowing both the single and double 2-step tests, 15 following the single only, and 
26 following the double 2-step test. Thus, there were 47 cases (23.5 per cent) in 
whom the rate had not returned to within 10 beats of the resting level at 2 minutes 
following the stress test. 

7-Wave Changes.—There were numerous examples of minor alterations in 
T-wave amplitude. The general trend was to a lowering of T-wave amplitude 
following exercise and associated with tachycardia. A significant (or obvious) 
change in T-wave amplitude occurred in 34 instances in the tracing immediately 
following exercise. A definite lowering of T-wave amplitude occurred in 26 in- 
stances in Leads V,, I or II immediately following exercise, 10 of which became 
flat or almost flat with a few examples of T-wave notching. There were 5 ex- 
amples of a marked increase in T-wave amplitude. In 13 instances a negative 
or diphasic T occurred, 1 revealing a negative T in V, in both the single and double 
tests, 1 a negative T in Leads V, and II in the single, and a diphasic T in the 
double test, and 1 revealing a diphasic T, in the tracings taken immediately after 
exercise. In all 3 instances the T wave had returned to the pre-exercise normal 
amplitude in the 2-minute tracing. 

Variations in the T wave in Lead III immediately following exercise were 
frequent, including a number of instances in which the direction of the T deflec- 
tion was reversed. To summarize the T-wave variations, it is apparent that 
minor to marked T-wave changes are of frequent occurrence in the immediate 
postexercise tracing in this group of healthy young men. 
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No significant variations or abnormalities were noted in the P wave, the 
P-R interval, or the QRS complex in either the single or double exercise stress 
tests. There were no examples of ventricular extrasystoles or other disturbances 
of ventricular rhythm in the postexercise tracings. 

No significant disturbances of rhythm occurred following either the single or 
double stress test. In 4 instances, however, auricular arrhythmias were noted 
in the immediate postexercise tracing, 2 of which revealed only one or two auricu- 
lar ectopic beats, and 1 revealing a short run of bigeminal auricular rhythm which 
had disappeared in the 2- and 6-minute tracings. In the fourth example in which 
the resting P-R interval measured 0.24 second in duration, an upper nodal rhythm 
appeared in the immediate postexercise tracing of the single test and persisted 
for at least 6 minutes. In the double test this upper or high nodal rhythm did 
not appear until the 6-minute tracing. It was felt that the appearance of this 
rhythm was coincidental, not likely related to exercise and of no clinical sig- 


nificance. 


T T 
RESTING IMMED. 2 mia. 6 min. 


Fig. 8.—Heart rate changes following exercise stress test. Mean and standard deviations of heart 
rate for 200 healthy males, resting, immediately after, and 2 and 6 minutes after a double Master's 
2-step test. 


RS-T Segments —There were numerous examples of apparent S-T segment 
depression of 0.5 mm. or slightly beyond this (Fig. 9). In the tracing immediately 
after exercise many were associated with a depressed J junction and upward 
sloping segments. The questionable depression had returned to normal in the 
2-minute tracing, coincident with a reduction of the heart rate (to normal). 
Extension of the sloping auricular T-wave segment through the QRS into the 
S-T segment was of considerable help in studying the immediate postexercise 
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tracing. In leads with an absent S, assessment of the postexercise tracing was 
simplified since the confusion of a depressed J junction did not occur. The sloping 
segment, often confused as being depressed in this group, was normal in the 2-min- 
ute tracing, supporting the view that a true depression subtends an angle of 90° 
or more with the vertical and persists (or may appear later) beyond the immediate 
tracing. 


A, B. Cc. 


Fig. 9.—Healthy aircrew trainee, aged 20 years. Leads Vy, I, II, and III. Note upward sloping 
segment depression in immediate tracing: normal at 2 minutes. A, resting; B, immediately; C, 2 minutes; 
D, 6 minutes after test. 


In 17 instances it was difficult to assess accurately the degree of segment 
depression. In these cases a depression of 0.5 or more was present in the immedi- 
ate postexercise tracing of the double test, and in many of these instances with 
the single test. The segment had returned to normal by the 2-minute tracing 
and it was our opinion that all should be interpreted as negative responses, when 
one considers the false depression associated with tachycardia, auricular T waves, 
depressed J junction, and upward sloping segments. 

In 4 instances a very questionable depression occurred which persisted beyond 
the immediate postexercise tracing. In 1, Lead III, following the double-step 
test, revealed a segment depression of 1 mm. The depression in Lead II of this 
case was considered not to be a “‘true’’ segment depression. A follow-up study 2 
years later revealed a perfectly fit young pilot. The stress test showed similar 
findings, but was unquestionably negative on this examination. In 1, the segment 
in V4 was depressed 1 mm. in both the single and double test, but showed a slight 
upward slope and was almost at the pre-exercise level at 2 minutes. In the third 
case of this group, V; revealed an upward sloping depressed segment of 1.5 mm. 
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in the immediate postexercise tracing of both the single and double tests. Lead 
II of this case also showed a depression of 1 mm. Some depression was present 
at the 2-minute tracing and normal at 6 minutes. One tracing (Fig. 10) revealed 
a significant depression similar to that seen in proved cases of coronary insuffi- 
ciency. 

These 4 examples are considered separately since they represent the only 
questionably positive cases in the series. Only 1 (Fig. 10) showed a segment de- 
pression not due to tachycardia, auricular T waves, depressed J junction, etc., 
and quite similar to the type of segment depression observed in proved examples 
of coronary insufficiency. In a follow-up study 2% years later this man was 
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Fig. 10—Healthy aircrew trainee. Note segment depression V, persisting at 2 minutes. This is 
considered to be the only positive case in the series. A, resting; B, immediately; C, 2 minutes; D, 6 
minutes. 
found to be perfectly fit and completely normal following a complete cardio- 
vascular assessment. The single 2-step test was negative on this examination; 
the double step test again revealed a ‘‘flat’’ segment depression of 0.5 to 1 mm, 
The remaining 3 cases, in spite of the obvious depression, revealed other features 
which would place them in the doubtful or questionable category and which we 
would consider as likely negative. 
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DISCUSSION 


A number of case reports have been presented to illustrate the effect of exer- 
cise on the RS-T segment in proved examples of coronary artery disease. A 
true depression presents a number of specific characteristics. The depression 
is of a “‘flat’’ character subtending an angle of 90° or more with the vertica! 
and greater than 0.5 mm. below the P-R segment.* From our experience, the 
depression of the segment persists beyond the immediate tracing to the 2- or 
6-minute tracing, or even longer, or it may not appear until the 2-minute tracing. 
In some instances a definite depression of the segment occurs and, superimposed 
on this, the effect of tachycardia and an upward slope may be present. Usually 
the 2-minute or later tracings will reveal a ‘“‘flat’’ depression in “‘positive’’ tests. 
In this study of 200 highly selected fit and healthy young men, a number of stress 
tests fell into the questionable group. If such findings had occurred in older 
individuals, particularly ones in whom angina pectoris was in question, it is 
possible they would have been considered by many as positive tests. Variations 
in T-wave amplitude and direction were frequent. ‘‘False’’ segment depressions 
were common. However, viewed in the light of stricter criteria, we feel that only 
1 of the 200 should be considered as a positive test. It is apparent, therefore, 
that misleading changes following the exercise stress test are of frequent occur- 
rence in the normal. 

Considering the variations that may occur in T-wave amplitude and direc- 
tion, segment depression associated with tachycardia, T-wave changes associated 
with cardiac rotation, effects of meals, temperature, etc., it would appear that 
only a ‘‘true’’ segment depression should be accepted as indicative of myocardial 
ischemia following an exercise stress test. A segment depression of 1 mm., pro- 
viding it is of the “‘flat’”’ type and persists (or first appears) beyond the immediate 
tracing, should be regarded as a positive response. Depressions of 0.5 to 1 mm. 
which fall into this category should be considered as questionable and likely 
positive, providing they are unquestionably of the flat type. Furthermore, 
depressions in the immediate tracing of 1 mm. or more which also present an 
upward slope (probably associated with tachycardia) and which in the 2-minute or 
later tracing have lost the upward slope and present as a “‘flat’’ depression should 
be considered as positive responses. If one accepts only those cases which show 
a true and significant segment depression as positive responses, it is possible that 
some cases of angina will be regarded as normal. On the other hand, if more 
liberal criteria are accepted, a diagnosis of angina may be made in many instances 
where, in fact, none exists. In the questionable cases (and the procedure is only 
for use in doubtful cases with normal ECG) an exercise stress test is really of 
value only if it is positive. A negative test does not rule out coronary disease, 
although if it remains negative following strenuous exercise, we believe it to be 
supportive evidence against a diagnosis of angina. If after a double 2-step test, 
in which the clinical evidence is equivocal, the response is negative, it is in the 
best interests of the patient to consider that he does not suffer from angina. 

Although it is felt that some cases of true angina will be missed by the adop- 
tion of such a policy, much more harm will be done by accepting a diagnosis of 
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angina, particularly when the clinical evidence is very questionable. On the 
other hand, if the test is definitely positive, then we are aided greatly in arriving 
at the diagnosis. 

When routine exercise stress tests are carried out for any purpose, great care 
must be taken in the interpretation of the tracings. Very strict criteria should 
be followed and only true segment depressions accepted as positive responses. 
In this series, only 1 in 200 apparently fit, healthy young men was considered to 
be a positive response. Although the significance of this finding is not clear, it 
is reasonable to assume that 1 in 200 even in this age group may have appreciable 
coronary narrowing or other coronary abnormality to account for the changes 
observed. 


A. B. C. D. 


Fig. 11.— Male, aged 54 years. Chief complaint was headache on exertion, followed by vague chest 
discomfort. From history and clinical findings, this patient was considered as psychoneurotic. Single 
2-step test is positive. A, resting; B, immediately; C, 2 minutes; D, 6 minutes after test. 


With regard to the exercise or stress to which the patient should be subjected, 
we have adopted for routine use the technique described by Master.* Many 
feel that much more strenuous exercise should be carried out.?. Wood has reported 
that only 5 per cent of electrocardiograms remain normal during or immediately 
after an attack of true angina or after sufficient exercise to cause breathlessness 
and fatigue in patients with ischemic heart disease. In many proved cases of 
angina we have found the test to be positive on mild exertion, ordinary walking 
(Fig. 1). In doubtful cases in which it is felt the patient should be exercised, 
it is reasonable to subject the individual to exertion similar to that which in 
the past has produced his symptoms and then to record the electrocardiogram. 
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Such a procedure is certainly safe. If the test is negative following this, then 
the single and later double 2-step stress test might be carried out. We have used 
this procedure to advantage in doubtful cases (Fig. 11). 

The exercise stress test is of value in doubtful clinical problems if the response 
to exercise resembles the findings obtained in proved cases of ischemic heart 
disease subjected to exertional stress. The degree of stress to which the individual 
should be subjected depends on the case being investigated. Graded exertion 
up to a double 2-step test appears to be a safe procedure. Ideally, the procedure 
is to be used as an adjunct to the investigation of doubtful cases of ischemic heart 
disease. When it is used as a routine procedure in examination for cardiovascular 
fitness (for military, aviation, or other occupational purposes), only obviously 
positive responses in which there is no question of a “‘true’’ and important segment 
depression should be regarded as of any significance. 


CONCLUSIONS 


1. The exercise stress test is of diagnostic value in many selected cases 
suspected of ischemic heart disease. 

2. In proved cases of angina a ‘‘true’”’ depression of the RS-T segment 
usually occurs with the attack and also following exertion. 

3. A graded exposure to exercise depending on the case being investigated 
up to the double 2-step test has been found to be of value. 

4. Inastudy of 200 normal young men only 1 showed a significant segment 
depression and was considered to be a positive response. 

5. False segment depressions in the tracing made immediately following 
exercise and variations in the T wave in the normal were frequent. 

6. The only valid change in the postexercise tracing that constitutes a 
positive response is a ‘‘flat’’ depression of the RS-T segment as compared to the 
P-R segment which subtends to an angle of 90° or more with the vertical and per- 
sists to at least the 2-minute tracing. A depression with these characteristics of 
1 mm. constitutes, we feel, an unquestionably positive response. Depressions 
ranging from 0.5 to 1 mm., providing they possess the true ‘‘flat’”’ characteristics, 
are considered questionable and likely positive. A positive test closely resembles 
the RS-T depression pattern seen in proved cases of angina. 
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SOME INTERRELATIONS BETWEEN VENTILATION AND 
CIRCULATION 


Ernst O. ATTINGER, M.D.* 


Boston, Mass. 


INTRODUCTION 


LTHOUGH the importance of ventilation upon circulation is generally 
recognized, particularly with respect to mechanical devices for artificial 
respiration, there have been few studies published dealing with the quantitative 
aspects of this problem during spontaneous respiration. All too often these 
relationships are neglected in the analysis of either ventilatory or circulatory 
mechanics. For example, the circulatory effects of bronchodilators in the treat- 
ment of bronchospastic disease might play an important role in the relief of bron- 
chospasm. 

Therefore, an analysis of some of the factors playing a role in the interrela- 
tionship between ventilation and circulation has been attempted. The hypoxic 
and hypercapnic influences upon pulmonary hemodynamics will not be considered 
in the present study. 

The material presented includes evidence from our own studies and from 
other publications as well in order to stress the points which have been considered 


essential. 
VENTILATORY EFFECTS UPON CIRCULATION 


A. Respiratory Variations in Stroke Volume and Vascular Resistance.—The 
ventilatory activity of the thorax can be considered as an additional circulatory 
pump. The greater negativity of the intrathoracic pressure during inspiration 
enhances venous return, thereby increasing the stroke volume of the right ven- 
tricle. This leads to a larger filling of the lesser circulation, followed by an in- 
creased filling of the left heart and a rise in left ventricular stroke volume. Dur- 
ing periods of decreased negativity (expiration and positive pressure breathing) 
the reverse occurs. The efficiency of this pump action, however, depends upon 
a number of other factors governing cardiac inflow and outflow. For instance, 
inflow depends not only upon the gradient between extrathoracic and intra- 
thoracic pressures but also on the amount of venous collapse occurring at the 
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points at which the great veins enter the thorax. Outflow, on the other hand, is 
a function of the contractile force of the myocardium in relation to the diastolic 
filling and the capacity of the vascular bed. In addition, many of these factors 
are time dependent. 

Dornhorst! has shown that resistance and capacity of the lesser circu- 
lation introduces a phase lag between the response of the right and left ventricle. 
At fast respiratory rate there is a decrease in stroke volume variations, and an 
increase in phase lag, leading to a fall in left ventricular stroke volume during 
the inspiratory rise in right ventricular stroke volume. He also suggested that 
the enhancement of the stroke volume modulations in the upright position might 
be due to a steeper slope of the effective filling pressure-output curve at low 
filling pressures. 

The ventilatory changes of the lung affect not only the stroke volume but 
also the resistance and capacity of the pulmonary vascular bed. During inflation 
of the lung, an initial straightening of the vascular bed occurs, and the greater 
negativity of intrathoracic pressure during inspiration tends to dilate the vessels. 
This leads to an initial decrease of vascular resistance. The effect of intrapleural 
pressures upon dilation of the vascular bed, however, is only small.? Therefore, 
as inflation of the lung continues, the vasculature is stretched and the resistance 
to blood flow increases. This increase in resistance outweighs, by far, the initial 
decrease.’ In dogs, this has been confirmed both in closed and open chest prep- 
arations (positive and negative pressure inflations).4. The degree of inflation at 
which vascular resistance starts to rise depends primarily upon the capacity of 
the vascular bed. If the vascular bed is reduced, for instance in severe chronic 
pulmonary emphysema, vascular resistance must rise at much lower lung volumes 
than in the normal subject. 

In a distensible system, such as the pulmonary vasculature, the caliber of 
the vessels depends upon the transmural pressure. At low transmural pressures, 
the vessel caliber is minimal and some of the vessels are probably completely 
closed off. As the transmural pressure rises, the vessel caliber increases and re- 
sistance to flow decreases in proportion to the fourth power of the radius. The 
ease with which the caliber increases is determined by the pressure-volume char- 
acteristics of the vessel. Toward the upper part of the pressure-volume curve, 
the vasculature behaves more and more as a rigid system. Therefore, pulmonary 
vascular resistance decreases as either pulmonary arterial pressure or left atrial 
pressure increases until a plateau is reached where further pressure changes are 
without effect upon pulmonary vascular resistance.> The pressure level at which 
this plateau occurs is obviously determined by the pressure-volume characteris- 
tics of the pulmonary vasculature, i.e., the capacity of the vascular bed and the 
physical characteristics of its wall. 


B. Transmission of Intrathoracic Pressures.—Intrathoracic pressure changes 
are transmitted to all elastic intrathoracic structures and can be measured by 
the introduction of a pressure-sensitive device if these structures are hollow (Fig. 
1). The recorded pressure will deviate from the actual intrathoracic pressure 
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by a fixed or variable amount.* This deviation depends upon the pressure- 
volume characteristics of the walls and the surrounding structures of that particu- 
lar hollow organ (for example, esophagus or intrathoracic blood vessel) and the 
existing connections between the organ and the extrathoracic space. An addi- 
tional, but determinable, pressure difference may be introduced by the pressure- 
volume characteristics of the measuring device. The difference between the intra- 
pleural and intravascular measurements of respiratory pressure variations for a 
given cardiac output then permits conclusions concerning the physical charac- 
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Fig.1.—Change in right auricular hemodynamics with change in intrathoracic pressure. Note the 
equal pressure fluctuations at two different sites in the intrapleural space and the esophagus. In con- 
trast, the atrial pressure tracing shows larger fluctuations and enhancement of atrial systole during in- 
spiration and depression during expiration. Tracing from top to bottom: right auricular pressure, 
esophageal pressure, posterior mediastinal pressure (intrapleural), anterolateral intrapleural pressure. 


*The pressure difference between the intrapleural space and an intrathoracic structure remains 
constant only if the anatomic relationships and/or the tone of the latter are stable. A change in either 
of those two factors introduces a change in the pressure relationship between the two sites. Volume 
changes of a hollow intrathoracic organ, variability of the connection between an intrathoracic and an 
extrathoracic structure, and finally a change in body position may produce an alteration in the pressure 
relationship purely on an anatomic basis. Though such changes may occur quite suddenly, they are 
usually not rhythmic if they are not related to either cardiac or respiratory activity. Therefore, they 
rarely interfere with the interpretation of data in regard to ventilatory mechanics or pulmonary hemo- 
dynamics. Sudden changes in tone may occur quite frequently, particularly in the esophagus. During 
a spasm, the pressure relation between the spastic structure and the intrapleural space is extremely 
variable, making a proper interpretation of respiratory and circulatory events from such tracings im- 
possible. Fortunately, such events are recognized with relative ease in a proper tracing, if one bears in 
mind these various possibilities. 
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teristics of that particular hollow organ, if one assumes that the properties of 
the surrounding tissue remain unaltered. This would be of particular interest 
in the study of changes in the pulmonary vasculature. 

The total respiratory intrathoracic pressure difference between inspiration 
and expiration is primarily dependent upon the elastic and flow resistive proper- 
ties of the lung. Only in bronchospastic disease do the pressures due to the flow 
resistive properties become proportionally more important than the pressures due 
to the elastic properties. 
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Fig. 2A.—Appearance of ‘‘respiratory’’ pressure variations in the absence of intrathoracic pressure 
changes during diffusion respiration in a male dog weighing 25 pounds. Sinus arrhythmia is also asso- 
ciated with changes in pulse pressure. Tracing from top to bottom: right ventricular pressure, right 
intrapleural pressure, airflow. A, 2-minute p induction of diffusion respiration by 50 mg. succinylcholine. 
B, 75-minute p induction of diffusion respiration. (Note arrhythmia and “‘‘respiratory’’ pressure varia- 
tions in right ventricular tracing.) C, 80-minute p induction of diffusion respiration. (Note that sinus 
arrhythmia begins to disappear.) 


In a series of 22 patients with heart disease’? in which both ventilatory 
mechanics and pulmonary hemodynamics were studied, the difference between 
inspiratory and expiratory pressures in various segments of the vasculature were 
found to be quite different. In general, right atrial pressure variations were 
either equal or less than intrapleural pressure variations. Because of the par- 
tially open extrathoracic connections via the vena cava, the smaller pressure 
changes would be expected. The respirtory pressure variations increased toward 
the left heart, reaching a maximum in the pulmonary capillaries. In the left 
heart, they were somewhat less than in the pulmonary capillaries but consider- 
ably greater than in the right heart. Unfortunately, no corresponding data for 
normal subjects are yet available, but the same phenomenon was found in dogs.* 
This variable transmission of intrathoracic pressure changes illustrates the dif- 
ference in the physical characteristics of the various segments of the vasculature. 
The difference in pressure transmission is not necessarily due only to differences 
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in capacity and/or wall characteristics, but possibly also to active vasomotion. 
Evidence for the latter is found in a reversal or a sudden disproportion of the 
relation in pressure variations between pulmonary and peripheral arteries (Figs. 
3, 6, 8) and the variable relation between pulmonary vascular pressure and 
heart rate (Figs. 2A and 2B). 

In a number of patients and dogs, the intravascular pressure difference be- 
tween inspiration and expiration exceeded the intrapleural pressure difference con- 
siderably (Fig. 1). This would seem to be the case also in the patients with pulmo- 
nary hypertension studied by Rodbard.® The only group with pulmonary hyperten- 
sion in his series showing vascular respiratory pressure variation within the usual 
range expected for the particular disorder was comprised of patients with ven- 
tricular septal defect and pulmonary hypertension. In 2 out of 4 patients with 
cardiovascular disease, vascular respiratory pressure variations also exceeded 
intraesophageal pressure variations.'® 
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Fig. 2B.—‘‘Respiratory’’ pressure variations during diffusion respiration in a male dog weighing 
25 pounds. There is regular sinus rhythm with no changes in pulse pressure. Tracing from top to 
bottom: pulmonary artery pressure, right intrapleural pressure, airflow. A, Control 2.29 PM. B, 
2-minute p injection of 20 mg. succinylcholine. C, 28-minute p injection of succinylcholine. (Note the 
marked pressure variations in pulmonary artery.) 


Consequently, the net vascular pressure changes differently in the various 
segments of the vasculature. The available data show that in segments where 
vascular respiratory pressure changes are smaller than intrathoracic pressure 
changes, effective diastolic pressure may remain constant or may even rise in 
spite of a fall in recorded diastolic pressure during inspiration. During expira- 
tion, the conditions are naturally reversed. In segments where the vascular 
respiratory pressure changes are larger than the intrathoracic pressure changes, 
the effective pressure falls or rises more than the recorded pressure. This has to 
be borne in mind for calculations of pulmonary vascular resistance. It has been 
stressed that changes in pulmonary resistance are difficult to evaluate if the meas- 
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urements have not been made at comparable distending pressures.> Estimating 
qualitatively the variations of right and left ventricular stroke volume from 
pressure curves in the absence of intrapleural measurements!" becomes, there- 
fore, unreliable. 

Because the vascular pressure variations are minimal during rapid respira- 
tory rates, these effects are minimized during voluntary hyperventilation. How- 
ever, the latter introduces all the disadvantages of the nonsteady and nonbasal 


state. 


C. Central Factors Influencing Vascular Pressures—Although usually 
respiratory pressure variations in the vasculature are explained on the basis of 
intrathoracic pressure changes,*'":"-3 this cannot be true in the above-described 
cases of pulmonary hypertension, where the vascular pressure variations are in 
excess of the intrathoracic pressure variations. An additional factor responsible 
for these respiratory changes might well be the ‘“Traube oscillator,’’ as suggested 
by Guyton and associates" and Dornhorst and co-workers.' In his analysis, 
Dornhorst suggests that oscillation of the vasomotor center is largely responsible 
for modulation of peripheral resistance, while the variations in stroke volume 
are caused by the intrathoracic pressure changes. He compares this modulation 
mechanism to loosely coupled electronic oscillators which are synchronized by 
the impulse radiations from the respiratory to the vasomotor center, the stretch 
receptors of the lung, and the receptors in the vascular system between the vena 
cava and the carotid sinus. 

Joels and Samueloff® recently described ‘‘respiratory’’ pressure variations 
in the peripheral vasculature during diffusion respiration induced by succinyl- 
choline.* Demonstrating synchronization of cervical sympathetic and recurrent 
laryngeal discharges, they proved the irradiation from the active respiratory 
center to the vasomotor center. On the same basis, they could explain the ap- 
pearance of sinus arrhythmia during diffusion respiration (Fig. 2A). This latter 
fact indicates that spilling over of impulses from the respiratory center modulates 
not only vasomotor tone but cardiac activity itself. In our experiments on diffu- 
sion respiration, we have found pressure variations of considerably smaller ampli- 
tude in the peripheral vasculature than the ones described by the British authors. 
In 5 out of 13 animals, those variations were seen also in the pulmonary vascula- 
ture (Figs. 2A and 2B). The increase in pulse pressure accompanying the de- 
crease in diastolic pressure during the slow phases of the sinus arrhythmia (Fig. 
2A) can be explained by the variations in filling time. In Fig. 2B, where regular 


*The term “diffusion respiration’’ as used in this paper has been introduced by Draper and White- 
head.” It describes the respiratory function in an environment of high O2 concentration in the absence 
of respiratory movements. Under these conditions, the O2 uptake by the pulmonary capillary blood 
reduces the alveolar O»2 tension and, therefore, the intrapulmonary pressure. The negative intrapul- 
monary pressure created by the O»2 uptake in the lungs acts as a pump and continuously draws a supply 
of the ambient O»2 into the lung, thereby providing a sufficient alveolar oxygen tension for full oxygenation 
of the pulmonary blood. Though this method provides sufficient oxygenation to sustain life without 
ill effects, it can be applied only over a limited period because no means are provided for the elimination 
of the excess CO». The accumulation of the latter determines the time over which the method can be 
applied safely. In addition, the following conditions have to be fulfilled for the successful application 
of the method at the moment respiratory movements are arrested: adequate circulation, patent airways, 
previous denitrogenation with Oo, and respiratory quotient less than unity. 
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sinus rhythm is present, there are no variations in pulse pressure. According to 
Dornhorst, this would mean that no change in stroke volume occurred in this 
instance. Passive changes of vascular resistance are unlikely in the absence of 
changes in stroke volume or lung volume. The observation, therefore, represents 
evidence for active vasomotion. 
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Fig. 3.—‘‘Respiratory"’ pressure variations in the abdominal aorta but not in the pulmonary cir- 
culation during diffusion respiration in a female dog weighing 15 kilograms. Note the respiration vari- 
ations in femoral artery but not in right ventricle (22-minute p 20 mg. succinylcholine). Tracing from 
top to bottom: right ventricular pressure, right intrapleural pressure, airflow, femoral artery pressure. 


These variations seem to occur independent of the initial pressures. Induc- 
tion of pulmonary hypertension by injection of serotonin did not show any in- 
fluence upon disappearance or appearance of respiratory pressure variations in 
the pulmonary vasculature during diffusion respiration. Furthermore, the pres- 
sure variations may appear independently in the pulmonary and _ peripheral 


| 
PERE 
cy 
Heel 


844 ATTINGER December, 1987 


vasculature (Fig. 3). On the basis of these measurements only, it is impossible 
to determine the relative importance of variations in stroke volume and in vaso- 
motor tone upon the pressure modulations. This problem is at present being 
investigated. 

However, it seems safe to claim that in certain individuals, vascular pressure 
modulations due to intrathoracic pressure changes are enhanced by the Traube 
oscillator. The development of sinus arrhythmia during diffusion respiration 
may indicate that during normal breathing the irradiation from the respiratory 
center is inadequate to produce sinus arrhythmia. Except when the natural 
frequency of the Traube oscillator is approached, the central effect on pressure 
variation also would be small.! 
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Fig. 4.—Influence of 1.0 mg. of serotonin on pulmonary mechanics in a male dog weighing 10 kilo- 
grams. Note the hyperpnea followed by respiratory arrest. Typical response to a single injection of 
serotonin (100Y/Kg.). Thereisatransient period of hyperventilation followed by apnea. Right ventricu- 
lar pressure risesand pulse pressure increases. The pressure fluctuations are also reflected inthe spinal 
fluid pressure. Tracing from top to bottom: spinal fluid pressure, right ventricular pressure, intra- 
pleural pressure, airflow. 


D. Circulatory and Ventilatory Effects of Drugs——The evidence cited thus 
far strongly indicates that respiratory pressure variations in the vasculature 
depend not only upon intrathoracic pressure changes but also upon a central 
control mechansim. This problem was further investigated by studying the 
pulmonary circulatory and ventilatory changes produced by the application of 
drugs which affect pulmonary function. Although it is well known that Adrenalin 
increases the vital capacity and reduces the resistance to airflow in patients with 


ae 3 INTERRELATIONS BETWEEN VENTILATION AND CIRCULATION 845 


chronic bronchial asthma, there is no agreement as to whether these effects are 
due primarily to pulmonary vasoconstriction or bronchodilation.’* The same 
doubts remain for a number of other drugs, particularly for the opposite acting 
histamine. 


SEROTONINE XYLOPROPAMINE NICOTINE NICOTINE 
1.0 MG.LV. 60.0 MG. LV 045 MG. LV. LO MG. LV. 


© 
4 
Qy 
7) 
= 
2 


Total Resp. Pr. Diff. 


Right Atrial Pressure — X ame X oom x Each point represents meon 
Esophagea! Pressure 0 of 10 measurements 
Right Intra-pleural Pr. 

Posterior Mediastinum @ == 


Fig. 5.—Comparison of intrathoracic pressures in a female dog weighing 10 kilograms, under the 
influence of various intravenously administered drugs. Variations of end-expiratory pressures and total 
pressure fluctuations in the intrapleural space and the right atrium. Note the dissociated response 
between pulmonary and vascular pressures after injection of serotonin and nicotine. 
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The effects of single intravenous injections of serotonin in 12 dogs (100 gamma 
per kilogram) have been analyzed. In the given dosage, serotonin regularly 
produced pulmonary hypertension accompanied by a short period of hyperpnea 
with large intrathoracic pressure swings, followed by a period of apnea (Fig. 4). 
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Fig. 6.—Influence of serotonin on circulatory dynamics during diffusion respiration in a male dog 
weighing 30 pounds (1.5 mg. of serotonin injected intravenously. 2-minute p induction of diffusion 
respiration by 20 mg. succinylcholine). Note the change in intrapleural pressure in the absence of 
airflow; also, the similar pattern in intrapleural and intravascular pressures and the difference in the 
response magnitude. Tracings from top to bottom: right atrial pressure, right intrapleural pressure, 
airflow, aortic pressure. 


The end-expiratory intrathoracic pressures increased considerably less than the 
end-expiratory intravascular pressures, while the reverse was true for the respira- 
tory pressure variations (Fig. 5). Vascular responses in the peripheral arteries 
were quite variable in contrast to the response of the pulmonary vasculature. 

Serotonin is the strongest pulmonary vasoconstrictor known at present.> At 
the same time, it increases cardiac output from 20 to 100 per cent and decreases 
arterial oxygen saturation considerably, even under artificial respiration.'7 These 
vascular changes must result in an increased rigidity of the vascular bed. That 
such changes are not necessarily limited to the vascular bed itself, but may also 
affect the heart, has been suggested recently by Rushmer.'® On the basis of 
measurements of heart size and stroke volume, he concluded that myocardial 
distensibility and contractibility are influenced by neural and humoral mecha- 
nisms. 

The vascular effects of serotonin occur also if the drug is applied during dif- 
fusion respiration (Fig. 6), and seem, therefore, to be independent of changes in 
ventilatory mechanics. 
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Compliance and mechanical resistance usually show a small rise during the 
initial period of hyperventilation. However, after the apneic interval, there is 
a marked drop in compliance associated with a large increase in airflow resistance. 
This indicates that ventilatory changes occur secondary to vascular changes. 
Similar results have been obtained after embolization of dogs with barium sulfate 
and with intravenous injection of nicotine.'® Fig. 6 shows that both intrapleural 
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Fig. 7.—Local changes in esophageal tone after induction of diffusion respiration in a male dog 
weighing 19 kilograms. There is no change in vascular pressures. Tracing from top to bottom: spinal 
fluid pressure, right ventricular pressure, esophageal pressure, airflow. A, Control state. B, 2-minute 
induction of diffusion respiration with 20 mg. succinyicholine. Note pressure variations in esophageal 
tracing in the absence of corresponding airflow rates. ° 


and right atrial pressure change in the same direction. The change in atrial 
pressure is about twice as large. Because there is no exchange of air between the 
lungs and the atmosphere, as demonstrated by the pneumotachogram, the elastic 
force of the lung must change. This could be due either to a change in intrathor- 
acic blood volume, a change in surface tension forces, or possibly a change in tone 
of the smooth muscles within the lung.2° The appearance of parallel rhythmic 
changes in intrapleural, right atrial, and aortic pressures is striking. However, 
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the magnitude of these pressure changes is quite different, the vascular changes 
being roughly 24 and 25 times greater than the intrapleural changes. It is 
difficult to explain this phenomenon other than by cyclic variations of smooth 
muscle tone regulated by a common central mechanism. In Fig. 7, the same type 
of cyclic pressure variations after induction of diffusion respiration can be seen 
in the esophageal pressure tracing. There is no pressure variation in the right 
ventricular tracing, indicating a purely local phenomenon of rhythmic change in 


esophageal tone. 


Fig. 8.—Influence of aminophylline on circulatory dynamics during diffusion respiration in a male 
dog weighing 20 pounds. (Intravenous injection of 250 mg. aminophylline. 8-minute p induction of 
diffusion respiration by 20 mg. succinylcholine.) Note the similarity of right atrial and intrapleural pres- 
sure response although the response magnitude is different. Increased stroke volume produces larger 
airflow rates. Tracing from top to bottom: right atrial pressure, right intrapleural pressure, airflow, 


aortic pressure. 
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VENTILATORY EFFECTS UPON CIRCULATION 


In the preceding paragraphs, we were mainly concerned with the effects of 
ventilation upon circulation. In Fig. 8, the circulatory effects on airflow are 
demonstrated. After induction of diffusion respiration in a dog, 250 mg. of 
aminophylline was injected, resulting in a characteristic drop in peripheral arterial 
pressure. The intrapleural pressure again follows the vascular pressures in the 
right heart: a transient increase followed by a slight drop in pressure, the intra- 
pleural changes being considerably smaller than the vascular changes. The 
occasional abrupt changes in expiratory pressure observed by Farhi*! could be due 
to a similar mechanism. The airflow pattern is synchronized with heart action 
and is characterized by a marked increase of airflow after the injection of the 
drug. These airflow rates in the absence of respiratory intrathoracic pressure 
changes are produced by differences in instantaneous thoracic inflow and outflow 
of blood, i.e., the differences between stroke volume of the left heart and venous 
return into the right atrium at a given moment. Cardiac systole is associated 
with inspiratory flow, and diastole with expiratory flow. The increase of airflow 
rates after the injection of aminophylline, in the absence of respiratory move- 
ments, is due probably to an increase in stroke volume. Though the volume of 
air exchange due to cardiac activity is physiologically insignificant in most in- 
stances, it may become of some importance in patients with severe hypoventila- 
tion, by promoting better distribution of the inspired air. 


SUMMARY 


1. Respiratory intrathoracic pressure variations can produce vascular pres- 
sure changes by modulating the stroke volume. 

2. Rhythmic vascular pressure variations, synchronous with respiration, 
can also be produced by a central mechanism through changes in vasomotion 
and/or stroke volume (Traube oscillator). 

3. Respiratory pressure variations vary in different segments of the vas- 
culature, depending upon the physical characteristics of the vascular bed. 

4. The net effect of these pressure modulations can result in vascular pres- 
sure changes exceeding intrathoracic pressure changes. This seems to be the 
case in patients with pulmonary hypertension. Its effect upon vascular net 
pressures is discussed. 

5. Changes in the relation between vascular and intrathoracic pressure 
variations allow differentiation between ventilatory and circulatory changes in 
the lung. 

6. During diffusion respiration, “respiratory’’ pressure variations can be 
observed both in the peripheral and pulmonary vasculature. These changes may 
be coupled with sinus arrhythmia, demonstrating the influence of the respiratory 
center upon cardiac and vasomotor activity. 

7. The application of drugs during diffusion respiration demonstrates their 
effect upon pulmonary circulation in the absence of ventilation, and the influence 
of circulatory changes upon static intrapleural pressure (lung elasticity) and air 
exchange due to cardiac activity. 
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SIX MONTHS’ TO SIX YEARS’ EXPERIENCE WITH CORONARY 
ARTERY INSUFFICIENCY TREATED BY INTERNAL 
MAMMARY ARTERY IMPLANTATION 


ARTHUR VINEBERG, M.D., AND JAMES WALKER, M.D. 


MONTREAL, CANADA, AND CHARLESTON, W. VA. 


N THE year 1945, it was discovered at McGill University that a chest wall 
artery—the internal mammary artery—could be successfully transplanted into 
the heart of an‘animal. During the following 5 years experimental evidence was 
gathered by Vineberg and associates,'~* which showed that the transplanted artery 
sends out branches which join with the arterioles of the heart muscle (Figs. 1, 2, 
and 3). 

Through these mammary-coronary anastomoses blood may flow in quantities 
large enough to relieve artificially produced myocardial ischemia. The persistence 
of these branches, as well as the patency of the implanted internal mammary 
artery, has been proved.*® 

Human coronary arteries develop disease with occlusion in the epicardial 
proximal parts of these vessels, leaving a relatively normal distal arteriolar 
network within the myocardium.®? An implanted internal mammary artery 
by-passes the proximally blocked vessels and through mammary-coronary anas- 
tomoses supplies arterial blood to this intact distal arteriolar network. If inter- 
coronary anastomoses have developed, as suggested by Zoll,* then fresh blood 
should reach all parts of the left ventricle. 

On the basis of this experimental and pathologic background, the first human 
case suffering with angina decubitus was operated upon in April, 1950, at the 
Royal Victoria Hospital in Montreal. Since that time, 53 patients with disabling 
angina pectoris have been treated in 5 different Montreal hospitals by internal 
mammary artery implantation. 

On June 11, 1951, Dr. James Walker of Boston, Massachusetts, and Charles- 
ton, West Virginia, came to observe our technique in internal mammary artery 
implantation and to evaluate the experimental and clinical evidence. Since his 
return, Dr. Walker has performed the internal mammary artery iniplant opera- 
tion on 35 patients suffering with angina pectoris due to coronary artery disease. 
The two series of cases (those operated upon in Montreal and those in Boston and 
Charleston) have been studied as a single group of 88 patients. These patients 
have been followed from 6 months to 614 years by two different groups of cardiolo- 
gists. Some extremely “‘bad risk’’ patients were operated upon early in the series. 


From the Department of Cardiac Surgery, Royal Victoria Hospital, Montreal, Canada, and De- 
partment of Thoracic Surgery, Charleston Hospital, Charleston, W. Va. 
Received for publication April 1, 1957. 
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SELECTION OF PATIENTS 


In 1950, at the start of the procedure on human cases, the surgeon was 
given no opportunity to select his patients. Cardiac surgery was considered 
extremely experimental and hazardous. The only patients who reported for 
surgery were desperate, disabled, and pain-ridden people. 


Fig. 1.—Digestion Vinylite cast made by injecting left coronary artery, coronary sinus, and internal 
mammary artery with plastic. Note how after 12 days the implanted internal mammary artery has 
started to bud, but as yet has not formed a mammary-coronary anastomosis. (See arrow.) 


Experience quickly showed that the proper selection of a patient for internal 
mammary artery implantation was largely dependent upon the stage of his cor- 
onary artery disease. Many changes in points of view have occurred since 1950, 
but the surgeons and our cardiological associates are agreed upon the following 
criteria for internal mammary artery implantation: 


Indications .— 

1. Proved coronary artery disease with typical angina pectoris pain. 
2. Failure to improve within 1 to 2 years with medical treatment. 
Contraindications.— 


1. Left ventricular failure: Patients with left ventricular failure due to 
coronary artery disease can expect little help from any type of myocardial re- 
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vascularization. Even though the left ventricular failure is controlled, the ven- 
tricular myocardium is usually damaged too much to benefit from fresh extra- 
cardiac sources of blood. 

2. Active disease: Evidence of smouldering coronary artery disease as indi- 
cated by the clinical history, electrocardiogram and sedimentation rate. 

3. Recent coronary occlusion with infarction: An arbitrary waiting period of 
6 months has been set after a coronary artery occlusion with infarction. It is 
hoped that after this period of time satisfactory stabilization of the infarcted 
area will have occurred. 

4. The presence of associated disease: Associated diseases include essential 
hypertension, severe diabetes, etc. 

5. Asymptomatic coronary artery disease: Every patient with coronary 
artery disease should not be advised to have revascularization surgery. Patients 


Fig. 2.—Digestion Vinylite cast made in same manner as cast shown in Fig. 1. Observe numerous 
branchings of internal mammary artery present at the end of 5 months. (See arrows.) Flow studies 
showed a flow rate of 21 c.c. per minute, which increased to 51 c.c. per minute when pressure differentials 
were increased. Note this implanted internal mammary artery was left in an ischemic animal's heart, 
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who suffer coronary artery occlusion with infarction, and who have no residual 
anginal pain, do well as a general rule. According to White,® 82 per cent of such 
patients can expect to be alive at the end of 5 years. The hearts of such patients 
are well taken care of by their own ‘‘good neighbor”’ arteries, and there appears to 
be no need for extracardiac sources of blood. Any form of revascularization sur- 
gery on such a group of patients can do nothing more than has already been done 
by nature. To operate as a prophylactic measure at this stage, in our experience, 
is wrong. The operation may cause the patient harm, and certainly if there is 
no anginal pain then there is no way in which the results of operative procedure 
can be evaluated in this particular group of patients. 


Fig. 3.—Shows Vinylite cast made by injecting internal mammary artery 7 months after implan- 
tation. The large branches coming from the internal mammary artery are clearly seen fusing with the 
arterioles of the ventricular myocardium. This artery was left in an ischemic animal's heart. 


EVALUATION OF RESULTS 


There is.probably no medical condition, treated by surgical means, in which 
it is so difficult to evaluate the effect of the operative procedure as in coronary 
artery disease. In dealing with other types of heart disease, objective evidence 
of the benefit of surgery is readily obtainable by x-ray evidence of diminution in 
heart chamber size, and by lowered intracardiac pressures following the opening 
of an obstructed intracardiac valve. Such changes are readily measurable, and 
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it is possible to study objectively the results of heart surgery without reliance 
upon the subjective evidence submitted by the patient. When dealing with 
patients suffering from coronary artery insufficiency, objective evidence is much 
more difficult to assess. Postoperative exercise tolerance appears to be the best 
guide of operative benefit. However, even this may show improvement for a 
few months after surgery, although subsequent events indicate that the patient 
has experienced no benefit from internal mammary artery implant. Patients 
suffering from angina pectoris frequently convey marked subjective improvement 
after heart surgery, which, in our experience, does not persist beyond 6 months 
when the improvement has been merely psychologic. It is for this reason that 
it is best to wait 6 months after operation before attempting to decide how much 
benefit the patient has obtained. 

Before evaluating the result of a surgical procedure such as the internal 
mammary artery implant, or any other revascularization procedure, it is impor- 
tant to know the patient thoroughly before and after surgery. Careful ques- 
tioning of a patient by at least three members of a medical team, which includes 
a psychiatrist, records without prejudice preoperative details of the patient’s com- 
plaints and objective findings. This is extremely important in patients suffering 
form coronary artery insufficiency, particularly when so frequently their only 
symptom is that of anginal pain. Electrocardiographic evidence is helpful, but 
not conclusive. The time has come for all those interested in the treatment of 
coronary artery disease to develop a standardized classification of the disease. 
When this is done, the reported results of therapy—be it medical or surgical— 
will refer to the same type of case. The mortality from any type of revasculari- 
zation surgical procedure will vary according to the severity of the coronary 
artery disease. Ina like manner, so will the results of the procedure. On previous 
occasions the Montreal group has pointed out the futility of expecting to help cases 
in which the myocardium has been largely replaced by fibrous tissue. No matter 
how much fresh arterial blood is brought to such a heart, the destroyed myocardial 
fibers cannot be reconstituted nor can the fibrous scar tissue be made to contract. 
There is a point of no return for every heart. Comparison between surgical 
methods used in the treatment of coronary artery disease is thus very difficult 
unless similar types of cases are being considered. This, likewise, is true of so 
many reported series of medically treated groups, which accounts for the great 
variety of treatments that have been accepted enthusiastically only to be dis- 
carded in favor of another procedure. 

In this series of 88 patients suffering from coronary artery disease, the pa- 
tients have been divided into two main groups: those who have angina decubitus, 
and those who have not. In the literature there is a great deal of confusion as to 
when a patient falls into the angina decubitus class. It is simple if only those 
cases that have anginal pain at rest without exciting cause are classified as 
“angina decubitus.’”’ For example, patients who are awakened at night with 
anginal pain are not necessarily those who have reached the angina decubitus 
stage. Many patients in our series who did not have angina at rest experienced 
night pain, or pain at rest, while talking on the telephone, watching television, 
etc. The patients in our series who were classed as ‘‘angina decubitus”’ were all 
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disabled, all experienced pain at rest without exciting cause, most consumed 200 to 
300 nitroglycerin tablets per week, and many entered the hospital in wheel chairs. 
None could walk, even a few steps, without first placing a nitroglycerin tablet 
under the tongue. This type of patient is an exceptionally poor operative risk. 
Those who died did so within a few days of operation from a fresh coronary artery 
occlusion, the freshly occluded coronary artery being the only vessel open in the 
heart. Pathologic study of these hearts invariably showed heart muscle to be 
largely destroyed and replaced by scar tissue, with usually one patent vessel, 
pin point in size. It is easy to understand when one looks at a heart so destroyed 
why this type of patient is such a high operative risk. These hearts have such 
low myocardial reserves that the increased work load caused by an anesthetic is 
sufficient to turn the tables. 

Actually, it is possible, in a general way, to compare the results of internal 
mammary artery implantation in the treatment of coronary artery disease with 
the results of mitral commissurotomy for the treatment of mitral stenosis. All 
are agreed that Grades 4 to 5 of mitral cases are poor surgical risks which carry 
a mortality of from 25 to 40 per cent. Furthermore, the long-term results in 
such patients has been far from satisfactory. The patient with angina decubitus 
due to coronary artery disease may be compared in many ways to a Grade 4 to 
5 case of mitral stenosis. 


MORTALITY 


The operative mortality for 88 patients suffering from coronary artery 
insufficiency who underwent internal mammary artery implantation is shown in 
Table I. For those 68 patients who had no angina at rest, the operative mortality 
was 5.8 per cent. In the group of 20 patients suffering from angina decubitus 


TABLE I. OPERATIVE Mortatity IN INTERNAL MAMMARY ARTERY IMPLANTATION (COMBINED 
VINEBERG-WALKER SERIES) 


TOTAL NUMBER OF CASES 88 MORTALITY 
No Angina at Rest 68 4 (5.8%) 
Angina Decubitus 20 9 (45%) 

Total 88 13 (14.7%) 


Compares favorably with operative mortality of 7 per cent reported by Dana and Ohler’ for pa- 
tients with the anginal syndrome undergoing general surgery. 


there was an operative mortality of 45 per cent. The mortality for the entire 
series, including the bad risk angina decubitus patients, was 14.7 per cent. Ac- 
tually, the mortality of 5.8 per cent for the group of patients with no angina at 
rest is lower than that reported by Dana and Ohler,'® who surveyed the operative 
mortality in cardiac patients undergoing general surgery. Heart deaths for the 
entire series was 2.2 per cent, but for patients with a preoperative anginal syn- 
drome undergoing gerneral surgery the operative mortality was 7 percent. Thus, 
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the mortality rate for internal mammary artery implantation in 68 patients with- 
out angina at rest is about the same as that of patients suffering angina pectoris 
who undergo general surgery. 


RESULTS 


No Angina at Rest.-—Of the 68 patients with no angina at rest, 49 or 72.1 
per cent were totally disabled before internal mammary artery implantation. Of 
the entire group, 54 patients returned to work after operation, or 79.4 per cent. 
There were 53 patients (77.8 per cent) of this group who after internal mammary 
artery implant were free of pain, or had slight or less pain. 

There have been 4 late deaths, 4 months to 4 years after implantation. Two 
patients died of right coronary artery occlusion. Two patients who had improved 
and returned to work died suddenly. One, while pushing a car out of the snow, 
ruptured an old scar in his interventricular septum. The other died suddenly 
while riding horseback on a hot day on a western ranch. Sixty of the original 
68 patients are still alive (88 per cent), and 50 (77 per cent) are working—6 
months to 6 years after surgery. 


Angina Decubitus.—Of the 20 patients suffering from angina decubitus, all 
were disabled; most of them were bed-to-chair invalids; many had been sick for 
10 to 13 years. Seven of the 20, or 35 per cent, since the operation have no pain, 
less or slight pain; 6 (30 per cent) have returned to work. 

Long-term follow-up of the cases with angina decubitus showed that 9 (45 
per cent) of the original group are still alive and that, of these, 5 (20 per cent) 
are at work. 

The difficulty of evaluating the beneficial results of internal mammary artery 
implant has been pointed out. Many apparently good results have been ques- 
tioned because of lack of objective evidence other than improved exercise tolerance 
and ability to work. However, when a bed-chair invalid of the angina decubitus 
type, using 300 nitroglycerin tablets per week, after internal mammary artery 
implantation becomes pain-free and returns to work, it suggests that the im- 
planted artery has contributed fresh blood to the ischemic myocardium. This 
is particularly true if such a patient should die after 18 months from cancer of 
the pancreas, and examination of the heart shows the internal mammary artery 
widely open and branching within the myocardium, as was the case with one of 
our patients, Mr. C. A. (see Fig. 4). It seems fair to assume that blood was flow- 
ing from the internal mammary artery into the myocardium in such a case, helping 
to relieve myocardial ischemia, thus increasing the patient’s exercise tolerance and 
explaining the disappearance of his pain. 


Apparent Relationship Between Duration of Anginal Pain and Results of 
Internal Mammary Artery Implantation.—Hill, of the Montreal group, who fol- 
lowed our patients medically, made a careful study of the 39 patients operated 
upon at the Royal Victoria Hospital in Montreal. His thoughts on the relation- 
ship of survival after operation and duration of disease were applied to the entire 
Montreal group of 53 patients. Hill pointed out that there appeared to be a rela- 
tionship between the duration of the disease and the ability of the patient to 
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Fig. 4.—Serial microphotographs of heart of Mr. C. A., a 60-year-old man suffering from angina 
decubitus who completely recovered, was pain-free, and returned to work. He died 18 months later 
from a cancer of the pancreas. A, Shows implanted internal mammary artery at entrance to tunnel. 
Note absence of intimal proliferation 18 months after implantation. B, Internal mammary at \ of 
the way along myocardial tunnel, branching freely and filled with india ink injected retrograde through 
the circumflex artery. 
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Fig. 4 (continued).—C, Halfway along myocardial tunnel, many branches. D, Near exit of 
tunnel showing implanted internal mammary still branching through myocardium and widely open. 
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survive operation and, what is even more important, to return to normal activity 
after surgery. In Table II this observation is well supported. The angina decubi- 
tus group of patients with a high mortality rate had suffered anginal pain on an 
average of 112.5 months before undergoing internal mammary artery implanta- 
tion. This group formed a marked contrast to those patients who had no angina 
at rest, and in whom the symptoms of angina pectoris had been present on an 
average of 33.3 months. In this latter group there was a low mortality rate and 
the results were excellent. It is important to note that those patients who died 
from the operation had suffered their disease for an average of 82.2 months at 
the time of operation. 


TABLE IT. DURATION OF DISEASE IN RELATIONSHIP TO OPERATIVE AND POSTOPERATIVE SURVIVAL 


AVERAGE DURATION OF DISEASE 
53 CASES—MONTREAL GROUP AT TIME OF OPERATION 


Months 
Angina Decubitus 112.5 High mortality 
Poor recovery 


No Angina at Rest 33.3 Low mortality 
Good results 


Operative Deaths 
Died Since Operation 
Still Alive 


The relationship between the duration of coronary artery disease and the 
ability of the patient to survive and improve after internal mammary artery 
implantation seems highly suggestive. On many previous occasions it has been 
pointed out how important it is to preserve the myocardial fibers. Prolonged and 
continued myocardial ischemia results in myocardial fiber death and replacement 
by scar tissue. Gradually, over 10 to 13 years, the heart muscle is slowly replaced 
by scar tissue. In the hearts of those patients with angina decubitus in the Mon- 
treal series who died following operation, there was marked myocardial fiber loss. 
In effect, there was insufficient myocardial muscle left to carry the heart through 
the strain of an anesthetic. Moreover, there was actually very little healthy 
myocardial muscle left to revascularize. The myocardial fiber ‘‘bank account”’ 
with which the patient had been born had, in every instance, been almost com- 
pletely dissipated. A good example of the futility of any type of revascularization 
surgery in far advanced cases of coronary artery disease is demonstrated in Fig. 5. 
This patient, with angina decubitus and left ventricular failure, had an internal 
mammary artery implantation successfully performed upon him by a Montreal 
colleague. Four months later the patient died of progressive heart failure, and 
without relief of pain. The internal mammary artery was injected with methylene 
blue which entered the vessels of the myocardium. In this case, the only muscle 
left in the heart was a thin superficial layer into which the internal mammary 
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artery had been placed. The rest of the heart was composed of thick scar; noth- 
ing could have restored this patient’s myocardial fibers—his myocardial bank 
account had been closed out. 

It is our belief that patients suffering with angina pectoris due to coronary 
artery disease should be offered internal mammary artery implantation before it 
is too late, before there is little or no myocardium left to revascularize. The 
operative risk in properly selected and in prepared patients is no greater than for 
a thoracotomy, and the results are most gratifying. It is for this and other reasons 


Fig. 5.—Photograph of serial cross sections of left ventricle in a human case of severe angina with 
left ventricular failure. Patient died of left ventricular faiinre 4 months after implantation. Note that 
the internal mammary artery was injected with methylene blue which entered the left ventricle. Observe 
the small layer of myocardium on the outer surface of the heart. This is shown at the top of each section. 
The remaining °/;9 of the thickness of the ventricular wall is composed almost entirely of scar. The inter- 
nal mammary artery had been placed in what small amount of muscle there was left. This patient 
demonstrates that after myocardial replacement by scar it is too late to expect any form of revasculari- 
zation surgery to benefit a heart so destroyed. 


that a waiting period of 1 to 2 years after the onset of anginal pain is suggested, 
beyond which operation should not be postponed. Undue delay is just as dan- 
gerous as is the practice of revascularization surgery on patients who areasympto- 
matic and whose only fault is to have had a small coronary thrombosis. 

A few characteristic cases might be worth mentioning. 


The Montreal group reports: (1) An oil prospector operated upon at the Royal Victoria 
Hospital in November, 1950, could walk through the bush for miles with a pack sack after opera- 
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tion. (2) A Grey Nun nursing sister who, 2 years prior to operation, was totally disabled by angina 
decubitus was admitted to the Montreal Heart Institute where she underwent internal mammary 
artery implantation. She is now pain-free and working a full day. (3) A patient who is 4 years 
postoperative now plows 1,600 acres. 

The Charleston, West Virginia, group reports: 3 coal miners after internal mammary artery 
implantation are pain-free or have slight pain. These men have returned to work in the coal 
mines. Another patient is driving a truck, 5% years after internal mammary artery implant. 


CONCLUSION 


Eighty-eight patients suffering from angina pectoris due to coronary artery 
disease have been treated by internal mammary artery implantation. In those 
patients with no angina at rest the mortality is low, 5.6 per cent, and the over-all 
results are excellent. Seventy-two and one-tenth per cent of the patients were 
disabled before surgery and 79 per cent returned to work. Seventy-three and 
three tenths per cent of this group were pain-free, or had slight or less pain. The 
results in those patients who had suffered from the disease for a long time were 
generally not satisfactory. The optimum beneficial results seem to be obtained in 
patients who have been suffering, on an average, for 33 months. Excellent results 
have been obtained up to 45 months. 

Delay in the surgical treatment of coronary artery disease may result in so 
much destruction of heart muscle that an attempt at revascularization is futile. 
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THE ROLE OF DIGITALIS IN MITRAL VALVULOPLASTY 


BERNARD BurRACK, M.D., JOHN B. SCHWEDEL, M.D., AND DENNISON YouNG, M.D. 


New York, N. Y. 


N REVIEWING the experiences we had with the first 50 consecutive patients 

selected for mitral valvuloplasty, it became apparent that the digitalis prep- 
arations played a major role in their preoperative and postoperative medical 
management. The importance of digitalis as a specific prophylactic and thera- 
peutic agent in the management of such patients, and the reservations regarding 
the need and use of digitalis preparations! make it important to report our detailed 
initial experiences upon which our subsequent medical regimen has been based. 


METHOD 


The patients were divided into 6 different categories (Table 1). The grouping was based on 
the following factors: absence of preoperative digitalis administration; inadequate digitalis 
prior to surgery; inability to tolerate anesthesia until further digitalis therapy was employed; 
prolonged digitalis intake prior to surgery; surgical exploration without valvuloplasty; and death. 


RESULTS 


Group 1: No Digitalis Prior to Surgery (Table II).—All 5 patients with 
regular sinus rhythm, who had taken no digitalis previously, developed auricular 
fibrillation under anesthesia or during the postoperative period. None had past 
histories of congestive heart failure or digitalis intake, except for J. C. who re- 
ceived digitalis for a short period 6 years before. Physical examination, venous 
pressures, and circulation times had revealed no evidence of congestive heart 
failure just prior to surgery. 

Three patients had a history of paroxysmal tachycardia, for which 1 had 
been receiving quinidine therapy in the preoperative period. Another (J. C.) 
developed auricular fibrillation and acute left ventricular failure while under 
anesthesia, causing a postponement of surgery until he was digitalized. The 
others developed auricular fibrillation with rapid ventricular rates in the post- 
operative period, controlled with difficulty with large doses of digitalis. In 1 
patient the arrhythmia persisted at the time of discharge. 

The usual time of onset of the auricular fibrillation was 2 to 4 days postop- 
eratively, although 1 patient (L. J.) developed her arrhythmia on the fifteenth 
postoperative day. In this patient, however, there was some question of rheu- 
matic activity and Aschoff bodies were found in the auricular appendage. 


From the Medical and Surgical Divisions (Cardiovascular Surgical Group), Montefiore Hospital, 
New York, N. Y. 
Received for publication June 10, 1957. 
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Case Illustration—L. R. was a 35-year-old woman with long-standing rheumatic heart 
disease and mitral stenosis, in regular sinus rhythm; she had a history of increasing dyspnea on 
effort, recurrent hemoptysis, and transient auricular fibrillation controlled with quinidine. She 
was classified in Harken’s Group 3.2. Venous pressure and circulation times were normal. The 
patient came to surgery on maintenance quinidine, 0.2 Gm. 4 times daily, and without any digitalis 
administration. Mitral valve fracture was performed without incident. 

On the second postoperative day sudden auricular fibrillation developed, with a ventricular 
rate of 210 to 220 beats per minute. Lanatoside C, 1.2 mg. intramuscularly, plus 1.5 mg. of 
digoxin were administered, with a fall in the ventricular rate to 120 beats per minute. Three 
days postoperatively auricular fibrillation with a ventricular rate of 90 was present, and 1.0 mg. 
of digoxin was given orally. On the fourth postoperative day auricular fibrillation at a rate of 
80 was present, and 0.25 mg. of oral digoxin was administered. The patient then had an unevent- 
ful course, and her rate was controlled with a daily dose of 0.25 mg. to 0.5 mg. of digoxin. Con- 
version to regular sinus rhythm was later accomplished with the addition of quinidine. 


TABLE II. (Group 1) No DiGITALis PRIOR TO SURGERY 


PREOPERATIVE POSTOPERATIVE 


PATIENT | | ONSET OF 
HARKEN | RHYTHM | ASCHOFF | RHEUMATIC | AURICULAR 


GROUP BODIES | ACTIVITY | FIBRILLATION 


| 
| 15 days 
| 2 days 
| 4 days 
| | 2 days 


Anesthesia 


Group 2: Inadequate Digitalis Prior to Surgery (Table III).—Digitalis 
preparations either administered for the first time from 1 to 16 days prior to 
surgery, or reinstituted after previous discontinuance, or omitted for several days 
prior to surgery, to us constituted inadequate digitalization. Ten patients fell 
into this group. All 7 with regular sinus rhythm developed auricular fibrillation 
postoperatively, with the majority going into congestive heart failure. Subse- 
quently, 3 of these patients could not be converted back to regular sinus rhythm 
and were discharged in auricular fibrillation. The administration of quinidine, 
without digitalis, in the pre- and postoperative periods did not prevent the occur- 
rence of auricular fibrillation on the second postoperative day in patient C. S. 
Of the 3 patients with auricular fibrillation preoperatively, 1 developed congestive 
failure in the postoperative period when the ventricular rate became rapid, and 
another developed a very rapid ventricular rate without further complication. 
There was no clinical evidence of rheumatic activity in any patient in this group. 


Case Illustration.—S. K., a 29-year-old woman with rheumatic heart disease, mitral stenosis, 
and regular sinus rhythm, was classified in Harken’s Group 3. No digitalis had been received, 
except for a brief period during a pregnancy 4 years before. Two days preoperatively she received 
a total of 3.0 mg. of oral digoxin in divided doses. Digoxin, 0.5 mg., was then given orally each 
morning. Potassium Triplex* in 5 c.c. doses 3 times daily was started 2 days preoperatively. Mi- 
tral valvuloplasty was performed without incident. 


*Potassium Triplex (Eli Lilly & Co.). Each 5 c.c. contains potassium acetate 0.5 Gm., potassium 
bicarbonate 0.5 Gm., and potassium citrate 0.5 Gm. It is equal to 15 meq. of potassium. 


19 3 
M. V. 25 3 
M. F. 38 3 
L. R. 35 3 
42 3 
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Digoxin 0.5 mg. was continued on the first and second postoperative days. On the second 
postoperative day auricular fibrillation with a ventricular rate of 180 accompanied by signs and 
symptoms of congestive heart failure developed. This followed a positive fluid balance of 3,350 
ml. and 2,340 ml. on the first and second postoperative days, respectively (Fig. 1). A total of 
1.75 mg. of digoxin was administered intramuscularly in divided doses. This was followed by a 
fall in the ventricular rate to 88 on the following (third) postoperative day, a drop in the positive 
fluid balance to 590 ml., and clearing of congestive failure. On the third postoperative day 0.5 
mg. of digoxin intramuscularly was given at intervals of 12 hours, with a continuation of auricular 
fibrillation and a ventricular rate in the eighties. Digitalis was omitted on the fourth postopera- 
tive day because of nausea and occasional premature ventricular contractions. Here again there 
was an increase in the positive fluid balance. On the fifth postoperative day digoxin 0.5 mg. 
orally each morning was started. This was followed by a return to regular sinus rhythm on that 
day. The patient then had an uneventful course, with a ventricular rate never exceeding 100, 
and a normal fluid balance. 


Group 3: Inability to Tolerate Anesthesia (Table I)—The administration of 
anesthesia was followed by rapid ventricular rates and signs and symptoms of 
congestive heart failure in 4 patients. The 3 patients with long-standing auricular 
fibrillation had been on digitalis therapy. The fourth (J. C.), with regular sinus 
rhythm, had not had digitalis. In all, a period of intensified digitalis therapy, 
following the postponement of surgery, allowed these patients to withstand the 
anesthesia and operative procedure at a later date without untoward effects. 

Group 4: Prolonged Digitalis Administration (Table IV).—The most benign 
postoperative course was found in patients who had been maintained on digitalis 
preparations for long periods of time prior to surgery. In this group there were 
26 patients, all of whom had been taking digitalis for periods ranging from 3 
months to 10 years, with an average of 3.8 years. The patients’ ages ranged from 
27 to 53 years. 

Of the 11 patients with regular sinus rhythm, 9 maintained this rhythm in 
the postoperative period, despite past histories of frequent paroxysmal arrhyth- 
mias. Only 1 of the 15 patients with auricular fibrillation developed a transient 
rapid ventricular rate during the postoperative period, and none had congestive 
heart failure. 

Four patients with preoperative regular sinus rhythm developed increased 
failure postoperatively, with 2 demonstrating transient auricular fibrillation. One 
patient showed clinical evidence of rheumatic activity postoperatively, a second 
had severe electrolyte imbalance attributed to mercurial diuretics administered 
shortly before surgery, a third had pleural and pericardial effusion with ques- 
tionable rheumatic activity, and the fourth had primary lung disease as deter- 
mined by lung biopsy during surgery. 

Case Illustration.—Regular sinus rhythm: E. W., a 31-year-old woman with rheumatic 
heart disease, in regular sinus rhythm, had been maintained on digoxin 0.25 mg. daily for 7 years 
and on a low-salt diet for 2 years. Her rhythm at times was grossly irregular and she had a history 
of 2 previous cerebral vascular accidents. She was considered to be in Harken’s Group 2. Eight 
days prior to surgery digoxin was increased to 0.25 mg. twice daily, and potassium Triplex 10 
c.c. 3 times daily was initiated. Mitral valve fracture was performed without incident. 

Postoperatively, she was continued on digoxin 0.25 mg. twice daily, and potassium Triplex 
5 c.c. 3 times daily. Regular sinus rhythm was maintained throughout her entire course, with 
the ventricular rate never exceeding 100. 
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Fig. 1.—Digitalis and fluid balance. The onset of auricular fibrillation and congestive heart failure 
following the usual postoperative positive fluid balance, in a patient inadequately digitalized preopera- 
tively (first dose 2 days prior to surgery). 
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Case Illustration.—Auricular fibrillation: H. H., a 32-year-old woman with long-standing 
rheumatic heart disease, mitral stenosis, and auricular fibrillation, was classified in Harken’s 
Group 3. The ‘patient had been maintained on 0.75 mg. of digoxin daily for the past year. Six 
days prior to surgery it was noted that effort or exercise appreciably increased her resting ventricu- 
lar rate. Therefore, she was redigitalized with a total of 2.25 mg. of digoxin on the sixth and fifth 
preoperative days so that no marked rise in her ventricular rate after exercise occurred. A daily 
dose of 0.75 mg. was then maintained. Mitral valvuloplasty was tolerated without incident. 

The postoperative course, except for minimal pleural effusion, was entirely uneventful. 
Digoxin was continued at 0.75 mg. daily, and the ventricular rate never exceeded 100. 


Group 5: Surgical Exploration Without Valvuloplasty (Table I).—Surgery 
without valve fracture, because of marked mitral insufficiency found at operation, 
was performed in 4 cases who were on maintenance digitalis. There was no 
increase in the daily requirements of digitalis postoperatively as compared to 
the preoperative dosages, even though in 3 of the 4 patients there was evidence 
of passive congestion of the lungs during surgery and in the pathologic sections. 
The lack of a need for additional amounts of digitalis postoperatively in this 
group was in sharp contrast to the usual postoperative supplements required in 
patients undergoing valvulotomy. 

Group 6: Deaths (Table I).—In this first group of 50 patients there were 
3 deaths; all 3 were desperately ill patients. One succumbed to a massive hemor- 
rhage from a tear which developed in a very friable left auricle. The other 2 
died of ventricular arrhythmias which occurred under anesthesia prior to actual 
cardiac manipulation. One of these patients came to surgery on large doses of 
cortisone, digitalis, and potassium. The average daily dose of digitalis was 3.5 
mg. of Gitaligin for 4 weeks preoperatively. He was thought to have had rheu- 
matic activity over a prolonged period of time, and surgical intervention with 
fracture of a markedly compromised mitral valve was considered to be his only 
chance for survival. The role that digitalis played in conjunction with 
cortisone, potassium, and possible rheumatic activity in the development of 
ventricular tachycardia in this patient is difficult to assay. The second patient, 
who died of ventricular fibrillation, had been on an average daily maintenance 
dose of 0.75 mg. of digoxin with supplementary potassium preoperatively. A 
review of his electrocardiograms after death revealed coupling 4 days previously 
and occasional ventricular premature contractions on the day before anesthesia. 
This patient may be an illustration of the possible dangers of over-digitalization. 


DISCUSSION 


The frequent occurrence of postoperative auricular fibrillation in patients 
with regular sinus rhythm undergoing mitral valve surgery has been documented 
in other series.'** In one group of 374 patients in regular sinus rhythm, 103 of 
whom did not receive any digitalis preoperatively, 94 developed postoperative 
auricular fibrillation.'. In another series, 23 of 95 cases developed this postopera- 
tive complication.’ A third report had 13 episodes of postoperative fibrillation in 
a group of 48 with preoperative regular sinus rhythm.‘ These are not just tran- 
sient episodes since 21 of 94 patients in one group! and 15 of 23 in a second group* 
were discharged with permanent auricular fibrillation and its consequently 
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deleterious effects. The occurrence of postoperative congestive failure as a 
consequence of these rapid arrhythmias was not an uncommon feature.' These 
results, as well as our own, have led us and others®:* to practice the routine pre- 
operative use of digitalis in all patients undergoing mitral valvuloplasty. 

In our experience, however, routine administration is not sufficient. It is 
only the prolonged use of digitalis in adequate dosage that appears to afford the 
myocardium greater protection against the development of arrhythmias and 
congestive failure in patients undergoing mitral valve surgery. This was demon- 
strated in our group of 50 patients, of whom 22 had preoperative regular sinus 
rhythm and 28 auricular fibrillation. 

Patients in regular sinus rhythm who received no digitalis, or inadequate 
amounts of digitalis preoperatively, without exception developed auricular fibril- 
lation in the postoperative period (Tables II and III). This took place regardless 
of normal venous pressures and circulation times in the preoperative period and 
regardless of the Harken’s groupings. Protection against postoperative auricular 
fibrillation was afforded 9 of the 11 patients who received prolonged preoperative 
digitalis administration (Table IV). Of the 4 who developed postoperative com- 
plications, 2 had only transient auricular fibrillation. The use of quinidine with- 
out digitalis in our series, as in others,’ did not prevent the appearance of postop- 
erative arrhythmias. That increased myocardial irritability secondary to digi- 
talis did not play a role is demonstrated by the onset of postoperative auricular 

4 fibrillation at the same time in the inadequately digitalized group as well as in 
those who received no digitalis at all. Myocardial irritability during surgery is 

‘ not reduced by the elimination of digitalis.® 

: Of the 28 patients with preoperative auricular fibrillation, 14 of 15 patients 

had uneventful postoperative courses after prolonged preoperative digitalis prepa- 

ration (Table IV). Minimal or inadequate preoperative digitalis administration 


{ resulted in rapid ventricular rates and/or congestive failure in all patients in the 
; immediate postoperative period or under anesthesia (Tables I and III). 

{ The presence of Aschoff bodies in the biopsied auricular appendages did not 
alter the digitalis requirement unless accompanied by signs and symptoms of 


active rheumatic fever. Of the 10 patients (Table I) who had Aschoff bodies, 
only 3 showed signs and symptoms suggestive of possible rheumatic activity 
(Tables II and IV). The remaining 7 patients fell into the previously described 
general categories. It is of interest that in this series 8 of the patients with 
Aschoff bodies are in the group with preoperative regular sinus rhythm where the 
average age is 35.4 years, in contrast to only 2 patients with Aschoff bodies in 
the auricular fibrillation group where the average age is 40.5 years. This asso- 
ciation of regular sinus rhythm, greater frequency of Aschoff bodies, and lower 
} age groups has also been demonstrated by others.® 
. The beneficial results of digitalis may reflect the effects of the drug on several 
. diverse factors. The fracture of the stenosed mitral valve places an increased 
load on the diseased, often atrophied, left ventricle by increasing left ventricular 
filling. That this may not take place immediately because of secondary changes 
in the pulmonary vessels and/or atrophied left ventricle has been demonstrated.° 
The dramatic fall in the pulmonary artery pressures immediately following frac- 


| 
| 
| 
| 
| 
| 
| 


872 BURACK, SCHWEDEL, AND YOUNG pon 


ture which is observed in some patients,® and x-ray evidence of increased cardiac 
size,!° however, reflect the immediate as well as the eventual long-term increase 
in left ventricular filling and the need for increased cardiac output if the val- 
vuloplasty is successful. 

The period of greatest digitalis requirement usually occurred on the second 
to the fifth postoperative day. Patients who received no digitalis or inadequate 
amounts usually had their greatest difficulty in terms of increased ventricular 
rates, arrhythmias, and congestive heart failure during this period. This increas- 
ing need closely parallels the fluid retention which takes place postoperatively 
(Fig. 1), an observation also confirmed by the metabolic studies of Wilson and 
associates.!! Thus, retention of fluids during this period may be a precipitating 
factor for the increased digitalis requirements. 

The increased cardiac rate which develops as a result of ether anesthesia, 
the trauma of surgery, and postoperative side effects are other factors which may 
create a greater need for digitalis at this time. That the anesthesia and trauma 
were not the sole factors, however, guiding this need for additional digitalis was 
demonstrated in the 4 patients who had valvular exploration without fracture 
and required no additional digitalis postoperatively. In the rheumatic heart, 
any condition which produces tachycardia frequently impairs the circulatory 
function by decreased stroke volume output” and increased pulmonary blood 
volume, with the likelihood of pulmonary edema.” Under-digitalization may 
control the cardiac rate at rest but may not prevent a rise with effort'* or under 
stress. Four patients who could not tolerate anesthesia because of the develop- 
ment of tachycardia and cardiac failure were able to do so at a later date when 
additional digitalis was administered. 

On the basis of these observations we believe that all patients prior to mitral 
valve surgery, regardless of the rhythm or lack of evidence of congestive failure, 
should have prolonged and full digitalization. The maintenance dose that seems 
to preserve a satisfactory ventricular rate and adequate cardiac compensation 
with the patient at rest frequently proves to be inadequate when greater stress, 
such as surgery, occurs. Therefore, we are now employing the patient’s ventricu- 
lar response to exercise during the preoperative preparatory period as an impor- 
tant criterion for adequate digitalization. 

The digitalis preparations most frequently employed in the immediate post- 
operative period were lanatoside C and digoxin. The short latent period of 
lanatoside C and the more prolonged effects of digoxin, together with their rela- 
tively rapid elimination,"!* made these agents the drugs of choice. With rapid 
ventricular rates and/or congestive failure, lanatoside C was administered intra- 
venously or intramuscularly in doses of 0.4 mg. to 0.8 mg. at intervals of 4 to 
6 hours. Digoxin in 0.5 mg. doses was given as soon as the rate or failure was 
controlled, or concomitantly with lanatoside C parenterally, for more prolonged 
effects and continued digitalization. The addition of lanatoside C and/or digoxin 
to the usual postoperative intravenous fluids was found to be a rapid, effective, 
and safe method of administration. The parenteral route appeared to eliminate 
or reduce the amount of nausea and vomiting as compared to the oral administra- 
tion of equal doses of digitalis postoperatively when the intake of food and liquid 
was limited. 
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In the preoperative period digitalis usually was administered orally in the 
form of digoxin, except when patients had been previously maintained satisfac- 
torily with other digitalis preparations. Occasionally the administration of 
Gitaligin has allowed the use of larger amounts of digitalis without toxic manifes- 
tations.'” More often potassium salts orally and parenterally during the pre- 
and postoperative periods have enabled us to avoid toxic manifestations while 
increasing digitalis intake. 

The beneficial effects of potassium in digitalis toxicity has been amply demon- 
strated.!8-!92° Since the urinary output is often curtailed for several days post- 
operatively, allowing for possible potassium accumulation, constant observation 
of the level of the serum potassium and the fluid output is necessary. The eleva- 
tion of serum potassium following mitral valvuloplasty, and most surgical pro- 
cedures, secondary to the release of intercellular potassium, has been noted by 
others." 

In addition to digitalis and potassium, the usual methods for the management 
of congestive heart failure were employed. This included bed rest, low-salt diets, 
mercurials, and resins. Our experience with patients on low-sodium diets, who 
received several mercurials shortly before surgery and developed markedly low 
blood sodiums postoperatively, emphasized the dangers of too vigorous diuresis. 
The loss of sodium, plus the postoperative dilution secondary to fluid retention, 
can lead to severe hyponatremia.”! 


SUMMARY AND CONCLUSIONS 


Experiences in regard to digitalis requirements with 50 patients selected for 
mitral valve surgery are detailed. Auricular fibrillation, often accompanied by 
congestive heart failure, developed postoperatively in all patients with regular 
sinus rhythm who received no digitalis or inadequate amounts of digitalis 
during the preoperative period. Rapid ventricular rates and congestive heart 
failure occurred, with but one exception, under anesthesia or during the postopera- 
tive period in patients with preoperative auricular fibrillation who received short- 
term or inadequate digitalis preparation. The use of quinidine, unless accom- 
panied by digitalis, did not prevent the appearance of postoperative arrhythmias. 
The most benign postoperative course was noted where adequate long-term 
digitalis therapy had been present. 

The use of potassium helped prevent toxic manifestations when increasing 
digitalis intake. The parenteral administration of digitalis during the immediate 
postoperative period appeared to eliminate or decrease the amount of nausea and 
vomiting as compared to that occurring when equivalent oral amounts of digitalis 
were attempted. The patients’ ventricular response to exercise during the pre- 
operative preparatory period as an important criterion for adequate digitalization 
is suggested. 

A number of the adverse factors occurring subsequent to mitral valve surgery 
are discussed. The increased need for digitalis may reflect the increased left 
ventricular filling following valve fracture, the decrease in stroke volume output 
consequent to tachycardia, and the positive fluid balance occurring postopera- 


tively. 
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It is concluded that long-term digitalis administration in larger than usual 
maintenance dosage affords the myocardium greatest protection against arrhyth- 
mias and congestive heart failure in patients undergoing mitral valve surgery. 
It is recommended that all patients prior to mitral valve surgery, regardless of 
the rhythm or lack of evidence of congestive failure, have prolonged and full 


digitalization. 
The authors are grateful to Mrs. Illene Burack, O.T.R., for her assistance in the preparation 


of this manuscript. 
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THE T-A WAVE OF THE ADULT ELECTROCARDIOGRAM: 
AN EXPRESSION OF PULMONARY EMPHYSEMA 


R. H. WASSERBURGER, M.D., V. G. Warp, M.D., R. E. CULLEN, M.D., 
H. K. Rasmussen, B.S., AND J. H. JuHt, M.D. 


WITH THE TECHNICAL ASSISTANCE OF C. J. LLoyD AND S. W. LOOMANS 


Mapison, WIs. 


HE T-a wave of the adult electrocardiogram has been considered devoid 

of clinical or pathologic significance, being held as the repolarization process 
of the auricular mass. Stimulated by a recent report by Gross,' in which he 
found exaggerated T-a waves in 10 instances of cor pulmonale, we have studied 
2 large series of patients who showed exaggerated T-a wave depression on routine 
electrocardiographic survey. The presence or absence of pulmonary emphysema 
was determined on these patients by chest x-ray and pulmonary function tests. 
Sixty additional patients with clinically established, moderately severe to severe 
pulmonary emphysema or chronic cor pulmonale were also studied for the pres- 
ence or absence of significant T-a wave depression. The degree of T-a wave 
depression was correlated in these studies with the patient’s age, cardiac rate, 
P-wave amplitude and duration, P-R interval and cardiac position. 

A broad difference of opinion in roentgen interpretation of existing pulmo- 
nary emphysema has been recognized generally. An ancillary purpose of this 
report is to compare the pulmonary function data with chest roentgenographic 
interpretation as they pertain to the recognition of pulmonary emphysema. 

The use of the term, T-a wave, is somewhat ambiguous, for, in fact, one is 
measuring only the proximal portion of the T-a wave, represented as the P-Ta 
segment. Common usage, however, has led to the adoption of the term T-a wave. 
Only electrocardiograms with T-a wave depressions of 0.5 mm.-or more in stand- 
ard Lead II were selected for the present study, in order to exclude those falling 
within the accepted normal range of T-a wave depression.?~> 


MATERIALS AND METHODS 


Group I.—One thousand nine hundred and twenty electrocardiograms were available on 
routine admissions to the Veterans Administration Hospital, Madison, Wisconsin. Most of the 
patients were hospitalized for treatment of pulmonary disease, and many presented advanced 
stages of pulmonary emphysema. From this series, 133 were initially selected who showed T-a 
wave depression of 0.5 mm. or more in standard Lead II, irrespective of cardiac rate. They were 
categorized subsequently according to patient’s age, heart rate, P-wave amplitude and duration, 
P-R interval, cardiac position, and the presence or absence of pulmonary emphysema as detected 
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by chest roentgenographic interpretation and pulmonary function testing. Included in the test 
program were the vital capacity, timed vital capacity, maximum breathing capacity (noting whether 
the latter test was performed at the hyperinflation level, depicted as E), and the single breath 
oxygen test.6 In approximately 1% of the study group, the index of intrapulmonary mixing and 
the residual volume determinations (R.V./T.L.C. X 100) were also available. Test criteria are 
shown in Table I, and were classified as none, minimal, moderate, or severe emphysema. Roent- 
genographic impression for the presence or absence of generalized pulmonary emphysema was 
established by one examiner (J.H.J.). These criteria are shown in Table II. The degree of pul- 
monary emphysema was also graded as none, minimal, moderate, or severe. The grading was an 
opinion or impression of the examiner, since all of the signs noted in Table II were not present in 
each patient and one or several signs often predominated in a given patient. All electrocardio- 
grams were interpreted by three examiners. The maximum degree of T-a wave depression was 
recorded in standard Lead II, although it was usually seen equally well in Leads III and aVr. 
Record was also made of the existing cardiac position as determined from the augmented limb 
leads. 

Group II.—Sixty additional patients were subsequently selected who showed evidence of 
moderately severe or severe pulmonary emphysema as detected by detailed pulmonary function 
testing at the Veterans Administration Hospital. Accordingly, these patients were surveyed 
from the electrocardiographic standpoint for the degree of existing P-wave amplitude and duration, 


EMPHYSEMA PULMONARY FUNCTION DATA 


TABLE I. 


TEST | MINIMAL MODERATE SEVERE 


Vital Capacity | 100+ 15% | 100 + 15% | < 100% 
Timed Vital Capacity 2nd Second 80— 90% 70 — 80% | < 70% 
M.B.C. (E)—Performed at 
Hyperinflation Level | 90 — 100%(E) | 70— 90%(E) | < 70%(E) 
Single Breath O, Test: 500 c.c. 2% Ne 2— 4% Ne > 4%Ne2 
Index Intrapulmonary Mixing < 2.5% 2.5—3.5% | > 3.5% 
| > 40% 


R.V./T.L.C. X 100 | 20— 30% | 30 — 40% 
| 


ROENTGEN SIGNS UTILIZED IN THE DIAGNOSIS OF PULMONARY EMPHYSEMA 


TABLE II. 


Signs Due to Increase in Thoracic Volume: 
1. Depression and flattening of diaphragm 
2. Increased anteroposterior thoracic diameter, often associated with increased dorsal 
kyphosis 
3. Elevation of the sternum with increase in angulation between manubrium and body 
4. Widening of the intercostal spaces 
II. Signs Due to Alterations in Pulmonary Parenchyma: 
1. General increase in radiolucency of lung fields along with local emphysematous bleb 
and bulla formation, usually at the bases or apices 
2. Superior retrosternal radiolucency increased in lateral projection 
3. Increase in interstitial markings resulting from increased contrast between hyperae- 
rated alveoli and supporting structures (Interstitial fibrosis is also a factor in some 
cases) 
III, Cardiovascular Changes: 
1. Decrease in peripheral vascular markings per unit area 
2. Vertical cardiac position 
3. Enlargement of pulmonary artery in severe emphysema 


= 
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and T-a wave depression, and from the chest roentgenogram for the presence or absence of pul- 
monary emphysema. The films were so selected that the radiologist was not aware that he was 
reviewing a known group of emphysematous patients. 

Group III.—Following completion of the above data, 1,228 routine electrocardiograms were 
surveyed at the Heart Station, University Hospitals, Madison, Wisconsin. The purpose of this 
ancillary study was threefold: (1) to determine if significant pulmonary emphysema could be 
detected merely by interpretation of the existing degree of T-a wave depression, (2) to determine 
the mean P-wave amplitude in a large, adult population, and (3) to evaluate T-a wave configura- 
tion in patients with diagnoses other than primary pulmonary diseases. 

Sixty-nine patients were selected from the total series who showed T-a wave depression 
of 0.5 mm. or more in standard Lead II, irrespective of cardiac rate or patient age. The only 
group omitted were those with known congenital and acquired heart disease. 


RESULTS 


Group I.—Table III shows that of the 133 patients selected with T-a wave 
depression of 0.5 mm. or greater, irrespective of cardiac rate, 109 patients had 
a heart rate of 100 per minute or less. Of these 109 patients, 98 had moderate 
or severe pulmonary emphysema. The mean T-a wave depression was 0.75 mm, 
Above a cardiac rate of 100 per minute, 15 of 24 patients had gross emphysema. 
The mean T-a wave depression in this group was 1.18 mm. Thus, moderate or 
severe pulmonary emphysema was detected in 113 of the original series of 133 
patients, irrespective of heart rate. The degree of T-a wave depression in this 
group of patients is shown in Table IV. Twenty patients with exaggerated T-a 


TABLE III. Group I: 133 PATIENTs WstH T-A WAVE DEPRESSION OF 0.5 MM. OR GREATER 


NUMBER OF PATIENTS NUMBER OF 
2 CARDIAC RATE TOTAL NUMBER OF WITH EMPHYSEMA (MOD- PATIENTS WITHOUT 
4 PATIENTS ERATE OR SEVERE) EMPHYSEMA 


< 100/Min. 109 98 | 
> 100/Min. 24 15 - 


*Three patients had roentgen changes suggesting severe pulmonary emphysema, yet pulmonary 
function studies were borderline-normal. 
**Four patients showed no significant T-a wave depression when cardiac rate fell below 90/min. 


DEGREE OF T-A WAVE DEPRESSION IN 113 PATIENTS WITH 
Gross EMPHYSEMA 


TABLE IV. Group lI: 


DEGREE OF T-a WAVE DEPRESSION 


CARDIAC RATE 
1.0 MM. OR 
GREATER 


< 100/Min. 2 43 53 98 
> 100/Min. 0 2 13 15 
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waves had no evidence of emphysema. Ten were below 30 years of age, and had 
moderate degrees of sinus tachycardia. In 4 of these patients, the T-a wave disap- 
peared when the cardiac rate fell below 90 per minute. This group depicts the 
major pitfall in T-a wave interpretation, for apparently in young adults with 
minor degrees of tachycardia other factors are in operation in the production of 
T-a wave depression. 

Of considerable interest was the finding that the roentgenographic interpre- 
tation of existing emphysema correlated with the pulmonary function data in 
82 instances where both were available (94 per cent accuracy). In 8 additional 
instances, autopsy confirmed the roentgen impression of advanced pulmonary 
emphysema where pulmonary function data were not available. Disagreement 
of pulmonary function data and roentgen interpretation arose in only 8 instances. 
In 5, it was considered that the roentgenograms had been overinterpreted, and 
in 3, there was unequivocal roentgen evidence of severe emphysema, yet border- 
line-normal pulmonary function data were found. 

The mean P-wave amplitudes, according to heart rate, are shown in Table 
V. There was no appreciable difference in mean values below a heart rate of 
100/min. 

Ninety-nine of the 113 patients with proved pulmonary emphysema had 
electrocardiographic evidence of vertical cardiac position. 


TABLE V. Group I: MEAN P-WAVE AMPLITUDE OF 113 EMPHYSEMATOUS PATIENTS 


CARDIAC RATE NUMBER OF PATIENTS P-WAVE AMPLITUDE (MEAN ) 
60-70 5 2.00 
75 4 1.90 
80 15 2.19 
85 19 2.21 
90 19 1.92 
95 22 2.16 
100 13 2.11 
105-125 16 2.53 


TABLE VI. Groupe Il: 60 PatieENts WitH KNOWN PULMONARY EMPHYSEMA 


DEGREE OF EXISTING T-a WAVE DEPRESSION 


CARDIAC NUMBER X-RAY 


RATE OF SHORT P-R: CORRE- 
PATIENTS 0.0-0.25 0.5 0.75 1.0 | R-ST LATION 
MM. MM. MM. MM. SEGMENT 
< 100/Min. 49 8* 4 28 4 5 47 
2 11 


> 100/Min. 11 a 0 4 4 


*Five patients had a cardiac rate of 65/min. or less—two had diminutive QRS complexes in standard 
Lead II (3 mm.) and one had an ectopic auricular pacemaker. 
**Bizarre P-wave notching. 
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The T-a wave and its expression on the succeeding R-ST segment is shown 
in Fig. 1. Figs. 2 to 6 are representative examples of T-a waves with observed 
pulmonary function data and roentgenographic interpretation. 

Group II.—Table VI summarizes the data on the 60 patients with clinically 
established moderately severe or severe pulmonary emphysema as selected by 
pulmonary function survey. 

Thirty-two of the 49 patients with a heart rate of 100 per minute or less 
showed T-a wave depression in standard Lead II of 0.75 mm. or more. Eight of 
11 patients showed similar findings above a heart rate of 100 per minute. Nine 
patients had T-a wave depression of 0.25 mm. or less, irrespective of cardiac rate. 
Of these 9 patients, 5 had a cardiac rate of 65 per minute or less, with diminutive 
P waves, 2 had diminutive QRS complexes in standard Lead II (3 mm.), 1 had an 
ectopic auricular pacemaker, and 1, bizarre P-wave notching. 

Of real interest was the finding of 7 instances of a short P-R interval (0.12 
second or less), and resultant gross depression of the succeeding R-ST segment in 
Leads II, III, and aVy. This observation supports the fact that the T-a 
wave exerts its electromotive potential throughout the QRS complex phase, 
extending into the R-ST segment repolarization process. The presence of the 
short P-R interval deters identification of the T-a wave proximal to the QRS 
complex. This is shown in Fig. 7. 

Roentgenographic interpretation correlated with the observed pulmonary 
function data in 58 of the 60 patients (96.7 per cent accuracy). 

The mean P-wave amplitudes were 1.65 and 2.12 mm., respectively, for the 
cardiac rates below and above 100 per minute. Forty-eight of the 60 patients 
had vertically placed hearts. 

Group III.—Table VII summarizes the data on the 1,228 patients selected 
for study at the University Hospitals. Of the 69 patients with T-a wave depres- 
sion of 0.5 mm. or greater in standard Lead II, 34 were found to have moderate 
or severe pulmonary emphysema on radiographic survey. Ten of 11 patients 
with T-a wave depression of 1.0 mm. or more, at a heart rate of 100 per minute 
or less, had gross emphysema, as did 7 of 10 patients with similar T-a wave depres- 
sion above a cardiac rate of 100 per minute. Five of 6 patients with the short 


TABLE VII. Group III: 69 Patients STUDIED AT UNIVERSITY HOSPITALS 


DEGREE OF EXISTING T-a WAVE DEPRESSION 

CARDIAC | NUMBER | | | OR SEVERE 
RATE OF | SHORT P-R: | EMPHYSEMA 


PATIENTS 0.5mm. | 0.75 MM. | 1.0 MM. OR | | R-ST ON X-RAY 
MORE | SEGMENT 


< 100/Min. 46 
> 100/Min. | 23 


*One patient had heretofore undetected mitral stenosis. 
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Fig. 1.—Standard Lead II. Rate 85. Patient P. L., aged 63 years—chronic cor pulmonale; no 
pulmonary function available due to severe respiratory embarrassment; x-ray = severe pulmonary 
emphysema. Prominent T-a waves are shown in the shaded areas involving the proximal P-R interval 
(P-Ta segment), and the succeeding R-ST segment. 


Fig. 2.—Standard Lead II. Rate 80. Patient C.P., aged 52 years. 
Vital capacity 114% Single breath Oz» test: 
Timed vital capacity: 2nd sec. 64% 500 c.c. = 2% Ne 
Maximum breathing capacity 73% (E) Terminal rise 6.5% Ne 
X-ray = severe emphysema 
Classical T-a waves with P-wave amplitude of only 1.5 mm. and a heart rate of 80 to 85/min. The 
fallacy of the vital capacity in the detection of emphysematous change is evident. Although the second 
of the timed vital capacity was greatly reduced to 64 per cent, the total vital capacity was normal, 


Fig. 3.—Standard Lead II. Rate 90. Patient C.W., aged 60 years. 
Vital capacity 102% Single breath Oz test: 
Timed vital capacity: 2nd sec. 29% 500 c.c. = 10% Ne 
Maximum breathing capacity 30% (E) Terminal rise 11% Ne 
X-ray = severe emphysema 
Prominent P waves and T-a waves with diminutive QRS complexes. Again, note the normal 
total vital capacity determination. 
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Fig. 4.—Standard Lead II. Rate 100. Patient G.B., aged 62 years. 
Vital capacity 78% Single breath Op: test: 
Timed vital capacity: 2nd sec. 54% 500 c.c. = 9% Ne 
Maximum breathing capacity 50% (E) Terminal rise 10% No 
X-ray = severe emphysema 
Prominent T-a waves without P-wave amplification. 


+ 
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Fig. 5.—Standard Lead II. Rate 80-85. Patient T.K., aged 64 years. 
Vital capacity 70% Single breath O¢ test: 
Timed vital capacity: 2nd sec. 52% 500 c.c. = 11% Ne 
Maximum breathing capacity 38% (E) X-ray = severe emphysema 
Classical T-a waves with a cardiac rate of 80-85. 


Fig. 6.—Standard Lead II. Rate 85. Patient J.B., aged 63 years. 
Vital capacity 50% Single breath Oz» test: 
Timed vital capacity: 2nd sec. 42% 500 c.c. = 10% Ne 
Maximum breathing capacity 35% (E) Terminal rise 16% Ne 
Index intrapulmonary mixing 
R.V./T.L.C. X 100 = 53% 
X-ray = severe emphysema 
Prominent T-a waves with prominent, but not exaggerated, P waves. 
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P-R interval and depressed R-ST segment pattern, irrespective of cardiac rate, 
had gross emphysema. Eight additional patients had minimal, but definite, 
emphysema on chest roentgenogram. However, because of the lack of laboratory 
verification, they were considered equivocal and were classified as missed cases. 


I I 


Fig. 7.—Patient W.S., aged 62 years. Cardiac rate 85-90. 
Vital capacity 75% Single breath Os» test: 
Timed vital capacity: 2ndsec. 46% 500 c.c. = 6% No 
Maximum breathing capacity 75% (E) Terminal rise 13% Ne 
X-ray = severe emphysema 
Short P-R interyal, depressed R-ST segments in Leads II, III, and aVr, with vertical cardiac 
position. 


<€Mean height of P-Wave 0.97mm 

| P-WAVE AMPLITUDE AS 
DETERMINED FROM i228 
ROUTINE ADULT ‘ELECTRO- 
CARDIOGRAMS. 


00.523 
014 


FREQUENCY OF OBSERVATION 


2.0 
HEIGHT IN mm 


0.25 05 075 10 


Fig. 8. 


Fig. 8 depicts the curve for P-wave amplitude in standard Lead II of the 
entire series of 1,228 patients. Almost inclusively, all patients with prominent 
T-a waves were selected from the right-hand side of the curve, where the P-wave 
amplitude was 1.5 mm. or greater. The mean value was 0.97 mm., which is in 
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accord with, but slightly less than, that found in previous studies. This suggests 
that the average P-wave amplitude in adults is in the range of 1.0 mm. This 
is in sharp contrast to the selected study group of 69 patients where the mean 
P-wave amplitudes were 1.70 mm. below a cardiac rate of 100 per minute and 
1.86 mm. above 100 per minute, and to the mean P-wave values in the patients 
of Group I and II with proved emphysema. 

Twenty-eight of the 34 patients with gross emphysema had vertical cardiac 
placement. 

DISCUSSION 


The present study was divided into 3 separate groups of patients in order 
to show the relationship of prominent P waves and exaggerated T-a waves to 
pulmonary emphysema. 

It became apparent that there were an inordinant number of patients with 
advanced emphysema in the Group I study, giving rise to a weighted clinical 
protocol. This finding arose because of the prevalence of severe emphysematous 
disease in the tuberculous patients hospitalized at the Veterans Administration 
Hospital. Accordingly, Group III was established so as to select at random 
patients with exaggerated T-a waves on routine electrocardiographic study, 
patients in whom the over-all incidence of pulmonary disease, and more specifi- 
cally, gross pulmonary emphysema, was admittedly low. Nonetheless, it was 
found that significant pulmonary emphysema could be detected with considerable 
accuracy merely by correlating the degree of T-a wave depression with the cardiac 
rate. 

Group II was designed to determine the degree of P-wave amplitude and 
T-a wave depression present in a selected group of patients with known, moder- 
ately severe to severe pulmonary emphysema. 

The composite results of these 3 study groups appear to offer multifaceted 
evidence that clinically evident pulmonary emphysema does alter the repolari- 
zation pattern of auricular muscle. This is borne out by the consistently increased 
mean P-wave amplitude and exaggerated T-a wave depression in emphysematous 
patients, as compared to the accepted normal value, found in our present series 
of nonemphysematous patients as well as in previous studies.!~*: 7-!! The mecha- 
nism for this electromotive phenomenon remains unanswered. One can only 
question the role of incipient auricular dilatation,’ hypertrophy,‘ or injury’:™ 
which is not readily identifiable by routine methods of study. Certainly there 
does not appear to be a significant increase in mean auricular pressure, as deter- 
mined by cardiac catheterization, to suggest auricular hypertension." -!6 It 
is admitted, however, that the right auricle may greatly dilate before significant 
elevation of auricular pressure is demonstrated. Others*::!7 feel that the changes 
in the P-wave configuration seen in patients with chronic cor pulmonale may or 
may not be due to cardiac rotational factors. Wood" felt quite strongly that 
the vertical position of the heart did not contribute to P-wave amplification. 
The role of increased sympathetic tone resulting in P-wave amplification has 
been stressed by Lepeschkin,'” and would help explain the false-positive group 
of patients found in the present study, namely, the young adult exhibiting minor 
degrees of tachycardia. 
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Regardless of the mechanism, however, the observation of prominent T-a 
waves in patients with established pulmonary emphysema appears real. This 
is in accord with the more limited series of Gross! and Zuckermann,’ and the 
fairly comparable study of Wood." In general, the degree of T-a wave depression 
correlated with the P-wave amplitude. However, contrary to the report of 
Gross,! in which he stated that the P-wave amplitude was directly related to an 
increasing cardiac rate, there did not appear to be a significant relationship 
between the P-wave amplitude and the cardiac rate in the emphysematous group 
as long as the cardiac rate remained below 100 per minute. Certainly the majority 
of patients in the Group I study had a heart rate between 70 and 95 per minute 
(Table V), yet exaggerated T-a waves were readily apparent. It was noted also 
that T-a wave depression of 0.75 mm. or more occurred in the emphysematous 
group when the P-wave amplitude was less than 2.0 mm. 

Most standard texts on electrocardiography offer a value of 2.5 mm. as the 
upper limits of normal for P-wave amplitude in standard Lead II. From the 
current study of almost 3,000 adult electrocardiograms, the P wave was found 
to be increased above 2.5 mm. in only scattered instances, usually being associated 
with a sinus tachycardia. This observation suggests that only rarely does the 
P wave exceed 2.0 to 2.5 mm. in standard Lead II of the normal adult electro- 
cardiogram, except for instances of gross tachycardia. Admittedly, the mean 
P-wave amplitude value of 0.97 mm. found in the Group III study was not com- 
pleted on a truly normal adult population, inasmuch as all patients were hospital- 
ized; however, the observed value does correlate well with previously established 
mean P-wave amplitudes. 

The composite data of the present study bears out the following pertinent 
observations: (1) T-a wave depression of 0.75 mm. or more in standard Lead 
II of the adult electrocardiogram, below a cardiac rate of 100 per minute and 
with vertical cardiac position, is highly suggestive of advanced pulmonary 
emphysema, as is T-a wave depression of 1.0 mm. or more for a heart rate of 
100 to 115 per minute. (2) The electrocardiographic pattern of the short P-R 
interval and depressed R-ST segment in Leads II, III and aVyr likewise suggests 
the presence of advanced pulmonary emphysema, inasmuch as 12 of 13 patients 
with this configuration had such an entity. The mechanism for this pattern is 
believed to be due to late expression of the T-a wave upon the succeeding R-ST 
segment. (3) The roentgenographic interpretation of pulmonary emphysema and 
its correlation with observed pulmonary function data is highly accurate, pro- 
vided the criteria for selection are rigid enough to exclude the false-positive group. 

The major pitfall in the interpretation of T-a wave depression appears to 
be in the young adult who shows minor degrees of tachycardia, and in those 
patients who have a gross tachycardia, i.e., 115 per minute or more, in which 
the T-a waves are consistently exaggerated. The role of increased sympathetic 
tone with varying degrees of tachycardia has been postulated previously as the 
probable mechanism in the production of the augmented P-wave amplitude.'® 
It has been suggested also that the auricular recovery period (T-a wave) shortens 
with tachycardia, thereby deepening the T-a inscription.'® This latter observa- 
tion readily explains most of the false-positive examples. 


} ne ly T-a WAVE OF ADULT ECG: PULMONARY EMPHYSEMA 885 


The detection of exaggerated T-a wave depression and resultant R-ST seg- 
ment changes has expression in disease evaluation beyond that of pulmonary 
emphysema. Since some degree of tachycardia attends the various exercise tests 
utilized in assessing coronary insufficiency, one must acknowledge the degree of 
T-a wave depression in the interpretation of this procedure.!*?° Failure to 
appreciate the R-ST segment changes as an expression of exaggerated T-a waves 
may readily lead to erroneous implication of coronary artery disease. 


SUMMARY 


1. It appears that clinically evident pulmonary emphysema may alter the 
auricular repolarization pattern. This is expressed as increased P-wave ampli- 
tude and exaggerated T-a wave depression, as seen in standard Lead II of the 
adult electrocardiogram. This increase in mean P-wave amplitude is independent 
of the cardiac rate until one approaches the value of 100 per minute. 

2. T-a wave depression of 0.75 mm. or greater, vertical cardiac placement, 
and a cardiac rate of 100 per minute or less is highly suggestive of advanced 
pulmonary emphysema. 

3. T-a wave depression of 1.0 mm. or more with vertical position, and a 
heart rate between 100 and 115 per minute has similar implications. 

4. The electrocardiographic pattern of a short P-R interval (0.12 second or 
less) and resultant gross depression of the succeeding R-ST segment in the ver- 


tically placed heart is offered as an additional expression of pulmonary emphysema. 
5. Roentgenographic analysis of existing pulmonary emphysema is highly 
accurate, and correlates with observed pulmonary function data. 


6. It is felt that pulmonary emphysema, exclusive of chronic cor pulmonale, 
merits additional recognition as a frequent factor in the production of prominent 
P waves as seen on routine electrocardiographic survey. 

7. Possible mechanism in the production and pitfalls in the interpretation 
of T-a waves are discussed. 


ADDENDUM 


Since completion of this manuscript, 25 additional patients with advanced pulmonary em- 
physema have been studied via electrocardiography, pulmonary function testing, and chest 
roentgenography. T-a wave depression of 0.75 mm. or more (standard Lead II) was found in 
20 instances, regardless of cardiac rate. There were 2 instances of the short P-R interval, de- 
pressed R-ST segment pattern in Leads II-III, aVy. The 3 remaining patients had cardiac 
rates of 65, 70, and 90 per minute, respectively, yet none showed T-a wave depression of 0.5 mm. 
and were classified as missed cases. Correlation of emphysema by pulmonary function testing 
and chest roentgenographic interpretation again was most consistent. There were 2 instances 
of severe pulmonary emphysema on pulmonary function studies, yet roentgenographic inter- 
pretation was that of only minimal change. 

One additional sign which is invaluable in assessing the significance of a given T-a wave, 
providing the previously described criteria are in evidence, is the finding of low voltage (5 to 8 
mm.) in the left ventricular leads, with or without moderate degrees of clockwise rotation. This 
serves to separate the “false positive,” seen in young adults with mild degree of tachycardia, 
i.e., 90 to 110. 
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THE COMPARATIVE POTENCY OF MERCURIAL DIURETICS USING 
HUMAN BIO-ASSAY TECHNIQUES 
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XPERIENCES with the determination of comparative potency of diuretic 
agents have emphasized the need for controlled studies. The most important 
variable would appear to be the sodiumand water load of the subject patient. 
If such factors could be controlled, the response to a given diuretic would be de- 
pendent on the dose of that diuretic and its specific potency. The testing of this 
hypothesis is the substance of this report. 


METHODS AND MATERIALS 


The subject for the first study was a 29-year-old male laboratory technician who was hospi- 
talized for a period of 6 months because of minimal tuberculous lymphadenitis. He was afebrile 
and clinically free of symptoms throughout the study. He was maintained in an air-conditioned 
metabolic ward and was allowed to be ambulatory about the ward. He was fed weighed diets 
which had a constant caloric content (2,900 calories per day) consisting of 400 Gm. carbohydrate, 
100 Gm. protein, and 100 Gm. fat. He also drank 3,600 ml. of distilled water per day. During 
the first 3 months the diet contained 150 meq. of sodium per day, and during the second 3 months 
it contained 50 meq. The patient was weighed each morning before breakfast and after voiding. 
After 10 days the excretion rate of sodium per 24 hours varied less than 10 per cent. Initially, 
diglucomethoxane (Mersoben) was given by the intramuscular route in a dose equivalent to 20 
mg. of mercury. Subsequent doses of 40 and 80 mg. of mercury equivalent were given.f Each 
dose was repeated at least 3 times consecutively and again in a round of progressively increasing 
doses. Before each subsequent dose of the diuretic was administered, the patient had returned 
to his control state for at least 72 hours with respect to weight and excretion of water and electro- 
lytes. This same procedure was repeated while the patient was eating the second diet, which 
contained only 50 meq. of sodium. Urine was collected for 24-hour periods in Pyrex bottles. 
Analyses of sodium and potassium content in the urine were done using a Beckman flame pho- 
tometer (Model DU); chloride was analyzed by the modified method of Sendroyf; and creatinine, 
as a test of the completeness of the 24-hour collection, was analyzed by the method of Folin.§ 
Blood electrolytes, including sodium, potassium, chloride, and carbon dioxide content, and hema- 
tocrit were determined at intervals to ascertain their constancy. 
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tA single injection of 160 mg. of mercury equivalent was given but was not repeated because of 
diarrhea and muscular cramps. 

tMethod of Sendroy modified by Van Slyke and Heller.” 

§Folin’s method. (Ref. 2, p. 893). 


887 


888 FORD, SPURR, AND MOYER annie ae 


In the second study, 12 males who had recovered from congestive heart failure were observed. 
At the time of the study, there was no detectable edema, indicating that these individuals were 
roughly similar in the degree of heart failure present. The patients were maintained on an air- 
conditioned metabolic ward under the observation of trained personnel. Digitalis, if previously 
required for the control of their heart disease, was continued throughout the study. The patients 
were allowed to be ambulatory about the ward. The diet consisted of 300 Gm. of carbohydrate, 
100 Gm. of protein, and 100 Gm. of fat, with a total of 2,500 calories perday. The sodium content 
of the diet for each patient was constant, but varied between patients from 35 to 350 meq. per 24 
hours. The patients drank 3,000 ml. of distilled water per day. They were allowed to equilibrate 
on this diet until they excreted a constant quantity of sodium, which approximated 90 per cent 
of the dietary sodium intake. The diuretic agent to be tested was then administered. Several 
days were then allowed for the patient to regain his body weight by the restoration of sodium and 
water stores before the next dose of the diuretic to be tested was administered. The patients 
were weighed before breakfast and after voiding each morning. Urine was collected in 24-hour 
periods and analyses were conducted as mentioned above. The data has been subjected to an 
analysis of variance.! 


RESULTS 


I. The Influence of Dietary Sodium on the Response toa Mercurial Diuretic.— 
There was a progressive increase in the response to increasing doses of digluco- 
taethoxane (Mersoben), with control levels of excretion being quite constant 
(Table I). The increase in the excretion rates of sodium and chloride were 
largest. Weight and water changes were at a lower level. There was an insig- 
nificant change in the potassium excretion. The effect of the dietary levels of 
sodium (150 and 50 meq. per day) also was reflected in the degree of response in 


THE EFFECT OF VARIOUS DosEs OF DIGLUCOMETHOXANE (MERSOBEN), ADMINISTERED 
AT Two Dietary Sopium LEVELs, ON BoDY WEIGHT AND EXCRETION OF 
WATER AND ELECTROLYTES 


TABLE I. 


DOSAGES OF MERSOBEN 


Diet I: 150 meq. Sodium 


Sodium 71 + 14 115 + 14 272 + 17 
Chloride 68 + 16 119 + = 
Water 0.42 + 0.13 0.36 + - 
Weight — 0.2 +0.15 —0.6 + - 
Potassium —17 + 6 —8 + = 


Diet II: 50 meq. Sodium 


Sodium i4 + 17 78 + 14 149 + 14 
Chloride 15 + 18 91 + 16 195 + 16 
Water 0.03 + 0.16 0.21 + 0.13 0.44 + 0.13 
Weight 0.1 +0.17 —0.1 +0.15 —0.4 +0.15 
Potassium —15 +7 —18 + 6 1 + 6 


Electrolytes are expressed as meq./24 hours; weight as Kg./24 hours; water as L./24 hours. I = 
Mean increase + Standard Error. 


20 MG. Hg 40 MG. Hg 80 MG. Hg 
16 
17 
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each of the excretory factors except potassium. In order to convert these data 
into a concept of the effect of sodium intake on the diuretic response to the mer- 
curial, dosage response curves were constructed, comparing the two diets (150 
and 50 meq. sodium content). In Fig. 1, the top line represents the dosage re- 
sponse curve for sodium excretion obtained when the patient was eating a diet 
containing 150 meq. of sodium, while the lower line represents the curve at 50 
meq. of dietary sodium. The vertical dotted line illustrates the range of variation 
at each level (standard error or confidence limits). In all moieties (sodium, 
chloride, water, and weight) and in all dosages of the drug (20, 40, and 80) the 
response was greater when the dietary sodium was greater. 
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Fig. 1.—Dosage response curve for sodium excretion due to diglucomethoxane (Mersoben) in a 
patient receiving two dietary sodium loads. Diet I contains 150 meq. of sodium. Diet II contains 50 


meq. of sodium. 


II. Zhe Comparative Potency of Various Diuretics—The basic data from 
studies on patients with cardiac disease are presented in tabular form. The 
observations indicated that there was a progressive increase in the response to 
each increasing dose of a given diuretic, and there was a difference in response 
when the various agents were compared. 

The average changes in sodium, chloride, potassium and water excretion and 
weight loss along with the standard errors are presented in Table II. The excre- 
tion rates of sodium and chloride showed the greatest response; weight and water 
changes were less prominent (without proportionate decrease in standard error). 
Potassium excretion was not affected significantly. 

In order to compare further the effectiveness of the diuretic agents under 
study, dosage response curves were drawn (Fig. 2). In the curves representing 
the dosage response in sodium excretion, chlormerodrin (Neohydrin) administered 
parenterally demonstrates the greatest increase, followed by diglucomethoxane 
(Mersoben), meralluride (Mercuhydrin), mercaptomerin (Thiomerin), also given 
parenterally, and finally chlormerodrin (Neohydrin) given orally. 
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TABLE II. SUMMARY OF MEAN CHANGES DUE TO MERCURIAL DIURETICS AND THEIR 
STANDARD ERRORS 


SODIUM CHLORIDES WATER WEIGHT POTASSIUM 
DOSE 

DRUG MG. Hg | I +S. E. + &. [+s.1 I+s.1 I+s.E 
Mercuhydrin 20 63 + 33 60 + 26 | 0.30 + 0.25 0.19 + 0.24 2 + 6 
40 136 + 30 83 + 23 | 0.33 + 0.22 0.50 + 0.19 4+5 

80 187 + 28 170 + 23 | 0.60 + 0.22 0.79 + 0.19 § +5 

Mersoben 20 67 + 28 195 + 23 0.66 + 0.22 0.37 + 0.19 1+5 
40 194 + 33 195 + 28 | 0.70 + 0.25 | 0.38 + 0.22 —1 +6 

80 199 + 28 288 + 23 | 0.96 + 0.22 0.70 + 0.19 —-3 +5 

Neohydrin 20 145 + 33 146 + 26 | 0.53 + 0.25 0.56 +0.22 | -—19+6 
(P) 40 233 + 33 186 + 26 | 1.10 + 0.25 1.02 + 0.22 —8 + 6 
80 316 + 33 | 251 + 26 | 1.78 + 0.25 1.36 + 0.22 | —1 +6 

Neohydrin | 20 7 + 37 42 + 26 | 0.16 + 0.28 | 0.23 + 0.24 —-4+6 
(O) 40 | 76+30 | 31424 | 0.24 + 0.23 | 0.35 + 0.19 —7+5 
80 119 + 31 115 + 25 0.49 + 0.24 | 0.22 + 0.20 S35 

Thiomerin | 20 55 + 33 44 + 26 | 0.18 + 0.25 0.04 + 0.22 —15 +6 
| 40 | 98 + 28 72 +23 | 0.52 + 0.22 0.62 + 0.19 —-9+5 

80 120 + 28 113 + 23 0.96 + 0.22 0.61 + 0.19 § +5 


Electrolytes are expressed as meq./24 hrs.; weight as Kg.; water as L./24 hrs. 
I = mean change. S.E. = standard error. O = orally. P = parenterally. 


TABLE III. Potency ESTIMATIONS OF MERCURIAL DIURETICS AS COMPARED TO A 
STANDARD—MERCUHYDRIN* 


THIOMERIN NEOHYDRIN P# NEOHYDRIN O# MERSOBEN 

Ry = 2.4 Ry =7.8 Ry = 0.9 Ry = 2.3 

Sodium R =0.6 R =3.3 R =0.5 R =1.3 
Rr 0.3 = 1.8 =0.5 = 0.7 

Ry = 3.8 Ry 106.4 Ry = 1.9 Ry = 6.0 

Weight R =0.9 R = 6.7 R =0.7 R =1.5 
Ri = 0.4 2.3 Ry 0.1 Ri, =0.5 

Ry = 1.2 Ry = 7.7 Ry = 1.1 Ry = 3.4 

Chlorides R =0.7 R =3.4 R =0.6 R =1.8 
Ru 0.4 = 1.2 R, = 0.3 R, = 1.1 

Ry = 4.5 Ry = 49.9 Ry = 1.8 Ry = 9.6 

Water R =1.3 R = 6.0 R =0.8 R =2.6 
= 0.7 Rr= 2.4 Ri =0.3 Ry, = 1.2 


*1 mg. of Drug II (etc.) is equivalent in action to R mg. of the standard, e.g., 1 mg. Thiomerin = 0.6 
mg. Mercuhydrin as a natriuretic agent and 0.7 mg. Mercuhydrin as a chloruretic agent. 

R is the best estimate of the potency of Drug II with respect to the standard, Drug I (Mercuhydrin). 

Rv and Ru are upper and lower 5 per cent fiducial limits on this estimate of potency. (Calculated 
according to Fieller’s theorem.) 

P# and O# indicate the parenteral and oral forms of the drug, respectively. 


saenge 38 COMPARATIVE POTENCY OF MERCURIAL DIURETICS 891 


Since the analysis of variance reveals that the curves are parallel and linear 
and that the error is not significant, one can compare mathematically the dosage 
response curves related to a standard drug such as meralluride (Mercuhydrin) 
to determine a “potency estimation.’’ These calculations (Table III) also furnish 
fiducial limits of the potency estimation, which are referred to as Ry and Riz, 
as the upper and lower 5 per cent fiducial limits. R is the best estimate of potency 
of the unknown drug with respect to the standard, meralluride (Mercuhydrin). 
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Fig. 2.—Dosage response curves for sodium excretion due to various mercurial diuretics. 
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Fig. 3.—These bar graphs illustrate the similarity of the response in sodium excretion to a diuretic, 
diglucomethoxane (Mersoben), when given to cardiac patients eating diets of varying sodium content 
(35 to 350 meq.) and to a noncardiac individual eating a 150 meq. sodium diet. The noncardiac, however, 
has a different recovery pattern (postdrug day) in that sodium excretion is depressed more markedly in 
order to replace the lost sodium more rapidly. It further illustrates the ‘‘potency”’ of an increased sodium 
diet in the noncardiac in potentiating the effect of the diuretic agent. 
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Thus, when sodium is the function studied, these calculations indicate that 
parenterally administered chlormerodrin (Neohydrin) is the most potent (3.3 
times the potency of meralluride), followed by diglucomethoxane (Mersoben) 
which is 1.3 times as potent as meralluride, mercaptomerin (Thiomerin) which is 
0.6 times as potent, and orally administered chlormerodrin (Neohydrin) which is 
0.5 times as potent as meralluride. Furthermore, the narrow fiducial limits of 
this function (as well as chloride) as contrasted with those of weight and water 
changes indicate that the responses are more consistent. Thus, greater confidence 
can be placed in the assay when sodium excretion is used as the indicator of po- 
tency. During the study there was no significant clinical effect of an untoward 
nature or change in plasma electrolytes, electrocardiogram, urinalysis, or blood 
urea nitrogen which could be attributed to the drugs, except for pain after the 
intramuscular injection of chlormerodrin (Neohydrin). 

Utilizing the data of the two studies, a comparison of the response in sodium 
excretion following diglucomethoxane (Mersoben) in a normal man and in the 
group of cardiac patients is presented in Fig. 3. When the diets were not constant 
in sodium content among the patients, as in the cardiac group, the average control 
sodium excretion was roughly similar to that of the noncardiac man eating a diet 
containing 150 meq. of sodium. The response to the diuretic was approximately 
the same on the second day after the drug was given. However, the sodium excre- 
tion was reduced to a greater degree in the normal man than in the cardiac 
patients. Since the control sodium excretion was similar, this may indicate that 
renal compensatory mechanisms for the conservation of sodium are more sensitive 
in the normal subject than in patients with heart failure. However, it may indi- 
cate a greater sodium load available for excretion in the cardiac which is not 
reflected in the total sodium excretion in the first 24 hours after the drug is admin- 
istered. 


DISCUSSION 


In the first study of this report it was shown that the response to a diuretic 
agent was dependent upon the dietary sodium intake and the dose of the diuretic 
agent. Since these factors may be controlled, differences between drugs can be 
determined by utilizing controlled dietary sodium techniques. The technique 
consists simply in maintaining the patients to be tested on constant sodium intake 
(as well as water) and giving diuretic agents only as the control state approache 
the same as that seen previously with respect to sodium excretion. In the second 
study, the diets of the patients were constant within a given patient, but varied 
between patients. This required that a greater number of patients be tested in 
their responses to the various diuretic agents before the changes were significantly 
different. It is of interest that there was no significant difference in the response 
to a diuretic agent in a group of patients with controlled congestive heart failure 
and in a normal man. 

Valuable information derived from the study is that of the potency estima- 
tions of four diuretics compared to a standard, meralluride (Mercuhydrin). It 
is seen that chlormerodrin (Neohydrin) is the most potent drug when administered 
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parenterally (however, it is not commercially available), followed by digluco- 
methoxane (Mersoben), both of which are more potent than meralluride (Mer- 
cuhydrin). Orally administered chlormerodrin (Neohydrin) and parenterally 
administered mercaptomerin (Thiomerin) are less potent. 


SUMMARY 


1. The factors influencing the response to a mercurial diuretic have been 
studied in a patient without congestive heart failure under metabolically con- 
trolled conditions. The responses of the excretion rate of sodium, chloride, and 
water and the change in weight are distinctly dependent upon dietary sodium. 
The response to a single diuretic agent, diglucomethoxane (Mersoben), is also 
distinctly dependent on dose. 

2. By use of the analysis of variance, the computation of potency estima- 
tion, with its fiducial limits for each response observed, is possible. Statistical 
efficiency is improved when the potency estimation is calculated from the re- 
sponses in sodium (or chloride) excretion rather than from the responses in weight 
change. 

3. Thus, in order to evaluate satisfactorily the comparative potency of the 
various diuretic agents, the patients must receive an identical sodium content 
diet and have the same water load (they need not be in congestive failure), and 
the observations should include the excretion of sodium (or chloride). 

4. The potency estimations of the various drugs when related to meralluride 
(Mercuhydrin) as the standard drug, using sodium as the function tested, were 
as follows: parenteral chlormerodrin (Neohydrin), 3.3; diglucomethoxane 
(Mersoben), 1.3; mercaptomerin (Thiomerin), 0.6; and oral chlormerodrin (Neo- 
hydrin), 0.5. 
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THE EFFECT OF SEDATION ON THE ABNORMAL 
BALLISTOCARDIOGRAM OF FATIGUE 
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JoserH T. McGinn, M.D., Dominick Savino, M.D.,* 
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HE high incidence of abnormal ballistocardiograms in otherwise healthy 
individuals has long been recognized as a problem in the development of 
this method of cardiovascular evaluation. The increasing incidence with age 
of abnormal ballistocardiograms suggested that the ballistocardiogram is a 
sensitive indication of preclinical coronary artery disease.'!? And indeed, as 
Starr has shown, an abnormal ballistocardiogram may be the forerunner of other 
signs of arteriosclerotic heart disease. Evidence has gradually been accumulated, 


however, that some of these ballistocardiographic abnormalities are not the result 
3-7 
1. 


of cardiac malfunctior 

Studies by Dock® and others®'® have indicated that as age advances the 
vector of cardiovascular force tends to become more transverse, and that a 
transverse ballistocardiogram, therefore, may be normal, whereas the longitudinal 
ballistocardiogram is abnormal. Such a change in vector direction may explain 
the longitudinal abnormalities in some patients with dilated and elongated aortas, 
but does not explain many more abnormalities in patients with normal aortas. 

The important and complex nature of the influence of extracardiac factors on 
the ballistocardiogram has been indicated by many investigators."-!7 External 
and internal body linkage systems have been defined, and an approximation of 
the distorting effect of the external linkage system has been calculated. These 
calculations have shown that the loading effect of a heavy bed or the frictional 
resistance between the body and a fixed surface distort the ballistocardiogram 
appreciably. The distorting effect of internal body linkage systems, however, is 
difficult to determine. 

A simple demonstration of apparent change in body linkage was observed by 
us in several of our early experiments. These experiments kept the subject on a 
fixed hard surface for over an hour with a block of wood under the Achilles 
tendons, an ordeal occasionally resulting in the deterioration of a normal direct- 
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body ballistocardiogram with no other manifest change in circulatory phenomena. 
Such an observation led to this investigation of the effect of fatigue and sedation 
on body linkage and its relation to the circulation. 


METHOD 


Records were obtained from 20 patients, 10 with no evidence of heart disease and 10 with 
heart disease. The patients were evaluated by history, physical examination, electrocardiograms, 
and chest roentgenograms. 

Each patient was placed on a hard, fixed table top, and a block of wood was set under the 
Achilles tendons. This block of wood produced hyperextension of the knee joints and stretched 
the hamstrings, inducing considerable discomfort after a time. A bar with a coil attached was 
placed across the shins, and a magnet, fixed to the table, was approximated to the coil. Thus, 
the ballistocardiogram was recorded by the method of Dock and Taubman."8 

Simultaneous tracings were obtained also of Lead II of the electrocardiogram, respiration, 

! electromyogram of the flexor muscles of the forearm, and the brachial pulse with a base line pres- 

sure equal to that of the subject’s diastolic pressure. These phenomena were traced on a Grass 

multichannel recorder. Blood pressures were recorded at intervals. 

Control tracings were obtained on each patient 4% to 1 hour after he or she was placed on 
the table. Then tracings were recorded every 10 minutes until the ballistocardiogram had de- 
teriorated. At this time the patient was given sodium Amytal intravenously in doses of 250 mg. 
One to 3 doses were required to put the patient to sleep. Tracings were repeated during sleep, and 
shortly after awakening. 

Hypnosis was used also to put some of the patients to sleep. This procedure was performed 
by one of our psychiatrists. It was a useful means of producing stress in the form of pain, muscle 
s tension, or fatigue. In several experiments, with the patient under hypnosis, the psychiatrist 
suggested to the patient that he would be very tired when he was awakened. A sense of fatigue 
could be produced rapidly by this method. 

Since the abnormalities evident in the direct-body ballistocardiogram might be attributed 
to the distortions inherent in the external body linkage, ballistocardiograms were obtained also 
‘ from an ultralow-frequency bed, such as that described by Rappaport.'® Plastic fabric supported 

by an aluminum frame, weighing 4 pounds, was suspended from the ceiling by 6-foot wires. This 

K bed had a natural resonant frequency of approximately 0.3 cycles per second. In some experi- 

S ments the bed was undamped, and in others it was damped with cotton. A quarter inch plywood 

f board, weighing 8 pounds, was placed on the aluminum frame and a bar was placed under the 

! Achilles tendons in order to increase the discomfort of some subjects. A magnet was attached 

; to the bed and a stationary coil placed in apposition to it. The velocity ballistocardiogram was 

5 recorded in held inspiration and held expiration. Lead II of the electrocardiogram was recorded 

simultaneously. Blood pressures were taken periodically. Ten of the patients upon whom direct- 

i body ballistocardiograms had been recorded were studied also on the ultralow-frequency bed. 


RESULTS 


Patients from our psychosomatic service with no evidence of cardiovascular 
disease, ranging in age from 18 to 52 years, were used as normals. Seven of these 
patients had normal control ballistocardiograms, and 3 had abnormal control 
ballistocardiograms. For the purpose of this study, we have defined the abnormal 
ballistocardiogram as one which shows (1) respiratory deterioration as described 
by Brown,”° or (2) marked change in the amplitude of H-I, I-J, or J-K strokes as 
compared to the rest of the ballistic complex, or (3) significant change in the 
timing of the strokes in relation to the electrocardiogram. Fatigue was induced 
by having the patient lie on a hard table with a block of wood under his Achilles 
tendons for 1% to 3% hours. Tracings taken at the end of this period were all 
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abnormal, and 4 of them had few or no recognizable ballistic complexes. It is 
interesting to note that the myograms of some of these patients showed more 
activity at the end of the fatigue period than during the control period. All of 
the ballistic abnormalities disappeared promptly when sleep was induced by 
sodium Amytal. Even those patients with abnormal control tracings had normal 
sodium Amytal sleep tracings. No significant blood pressure changes were noted. 

Fig. 1 shows the tracings of an 18-year-old male asthmatic in remission. The 
tracings, taken at the end of 2 hours and 40 minutes of lying on a hard surface, 
show abnormality of all of the ballistic complexes except the last one. The elec- 
tromyogram at this time shows some increase in muscle activity. The sodium 
Amytal sleep tracings show a return of the ballistocardiogram to normal and some 
diminution of muscle activity. 


| 


Fig. 1.—The effect of fatigue and sedation on the normal direct-body ballistocardiogram. Channel 
1: brachial pulse. Channel 2: electromyogram from the forearm. Channel 3: direct-body velocity 
ballistocardiogram. Channel 4: Lead II of the electrocardiogram. Channel 5: respiration; inspiration 
is upward. Section A shows the control tracings. Section B was taken at the end of the fatigue period. 
Section C was taken after the patient was put to sleep with sodium Amytal. 


Fig. 2 is taken from the tracings of a 19-year-old male with a duodenal ulcer. 
It shows the effect of 314 hours of table fatigue. Ballistic complexes are present, 
but the H-I and I-J strokes are abnormally small, and there is some delay in their 
appearance. These abnormalities are absent in the tracing taken immediately 
after the patient was put to sleep with sodium Amytal. When discomfort is 
again experienced, the ballistocardiogram shows deterioration once more. The 
H-I and I-J strokes are abnormally small and are delayed in their appearance. 
The improvement in pulse amplitude during sleep might be considered to have 
some bearing on the change between fatigue and sedation, were it not for the 
fact that pulse amplitude during the reinstatement of fatigue is the same as that 
during sleep. This patient’s electromyogram did not change significantly. 

The abnormal group consisted of 10 patients, ranging in age from 42 to 72 
years, with arteriosclerotic heart disease, rheumatic heart disease, thyrotoxic 
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heart disease, and hypertensive cardiovascular disease. These patients were all 
in a stable state with no evidence of heart failure. The blood pressures of the 
hypertensive patients had been regulated, and were all normal except one. 

Nine of these patients had abnormal control ballistocardiograms, and 1 had 
a normal ballistocardiogram. All of the tracings except 1 became more abnormal 
after 1 to 2 hours of fatigue, and 3 of the tracings lost all evidence of a recognizable 
pattern. With sleep induced by sodium Amytal, the ballistocardiograms of all 
10 patients improved; 4 became normal, including the 1 where the prefatigue 
tracing had been normal, and 6 returned to the prefatigue pattern. 

Fig. 3 is taken from the tracings of a 42-year-old male with thyrotoxic heart 
disease, under antithyroid therapy. The control tracings show some diminution 
in amplitude of the H-I and I-J strokes with delay in their appearance. The 
ballistocardiogram becomes much more abnormal and irregular after 1 hour and 
40 minutes of fatigue. The complexes are discernible, but vary more in amplitude 
and are partially obscured by many smaller oscillations of the base line. The 
tracings taken immediately after sleep was induced by sodium Amytal show 
normal ballistic complexes. The electromyogram shows less muscle activity. 


Fig. 2.—The effect of sedation on the abnormal ballistocardiogram of fatigue. Channel 1: brachial 
pulse. Channel 2: electromyogram from the forearm. Channel 3: respiration; inspiration is upward. 
Channel 4: direct-body velocity ballistocardiogram. Channel 5: Lead II of the electrocardiogram. 
Section A shows the tracings taken after 3% hours of fatigue. Section B shows tracings taken during 
sodium Amytal induced sleep. Section C shows tracings taken after the patient was again awake and 
experiencing considerable discomfort. 


Hypnosis was substituted for sodium Amytal in 2 of the patients with heart 
disease. The control tracing of one, a hypertensive, showed inspiratory deteriora- 
tion of the ballistic pattern which became worse with fatigue, and became normal 
under hypnosis. The tracings from the other patient with thyrotoxic heart 
disease became worse under hypnosis. 

To eliminate the factor of external body linkage, 10 of the 20 patients who 
had been tested with the direct-body ballistocardiogram were re-tested on the 
ultralow-frequency bed. The control tracings of 4 of the 10 patients were ab- 
normal, and the other 6 were normal. It was found to be more difficult to induce 


898 HAKIM, TOBIN, WEISS, MCGINN, SAVINO, AND EDSON pin Bo i; 


Fig. 3.-—The effect of fatigue and sedation on the abnormal ballistocardiogram. Channel 1: brachial 
pulse. Channel 2: electromyogram from the forearm. Channel 3: respiration; inspiration is upward. 
Channel 4: direct-body velocity ballistocardiogram. Channel 5: Lead II of the electrocardiogram. 
Section A shows the control tracings. Section B shows the tracings taken after 1 hour and 40 minutes 
of fatigue. Section C shows the tracings taken immediately after sleep was induced by sodium Amytal. 


Fig. 4.—The effect of fatigue and sedation on the normal ultralow-frequency bed ballistocardiogram. 
Number / groupings show held inspiration, and Number 2 groupings show held expiration. The ballis- 
tocardiograms are timed by Lead II of the electrocardiogram. Section A shows the control ballistocardio- 
grams. Section B shows the tracings taken with the patient relaxed under hypnosis. Section C shows 
the tracings taken when the patient awakened following the posthypnotic suggestion that he would be 
tired and uncomfortable. Section D shows the sodium Amytal induced sleep ballistocardiogram with 
the patient breathing quietly. 
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Fig. 5.—The effect of fatigue on the ultralow-frequency ballistocardiogram. Number I groupings 
show held inspiration, and Number 2 groupings show held expiration. The ballistocardiograms are 
timed by Lead II of the electrocardiogram. Section A shows the control ballistocardiogram. Section B 
shows the tracings taken with the patient relaxed under hypnosis. Section C shows the tracings taken 


during posthypnotic fatigue. 


Fig. 6.—The effect of fatigue and sedation on the ultralow-frequency ballistocardiogram. Number 


1 groupings show held inspiration, and Number 2 groupings show held expiration. The ballistocardio- 
grams are timed by Lead II of the electrocardiogram. Section A shows the tracings taken after lying 
on the ultralow-frequency bed for 2 hours and 10 minutes. Section B shows the tracings taken imme- 
diately after awakening from sodium Amytal sleep. Section C, taken shortly thereafter, shows the effect 
of having the patient tighten his back muscles voluntarily. Section D shows the ballistocardiogram taken 


during sodium Amytal induced sleep. 
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a fatigue pattern in the ultralow-frequency ballistocardiograms than in the direct- 
body ballistocardiograms. With 1 to 3 hours of fatigue, however, all showed the 
presence of continuous high-frequency oscillations which obscured the ballistic 
pattern. Four of these fatigue tracings showed deterioration of the ballistic 
complexes. 

Six of these 10 patients were hypnotized. Under hypnosis, it was suggested 
that they were very uncomfortable and tired. With this suggestion, all 6 tracings 
showed the same type of continuous high-frequency oscillations; and in 2, the 
ballistic pattern became completely obscured. While still under hypnosis, the 
patients were told to relax, and the ballistocardiograms returned to the prefatigue 
pattern. This technique had the advantage of permitting held respiration even 
though the patients were asleep. 

Four of these 10 patients were given sodium Amytal. When sleep was in- 
duced, each tracing returned to its prefatigue state. 

Fig. 4 is taken from the tracings of the same 42-year-old male with thyro- 
toxic heart disease. It shows comparable ultralow-frequency ballistocardiograms 
with the patient at rest, and with the patient relaxed under hypnosis. Then the 
posthypnotic suggestion was made that the patient would be tired and uncom- 
fortable, and he was awakened. The ultralow-frequency ballistocardiogram 
taken during this posthypnotic fatigue shows deterioration of the complexes and 
interference by high-frequency oscillations. The tracing taken with the patient 
breathing quietly during the sodium Amytal induced sleep shows complete 
disappearance of these high-frequency oscillations. 

The ultralow-frequency ballistocardiograms of a 44-year-old male with 
hypertension are shown in Fig. 5. The tracings taken during the control period 
of rest and those taken with the patient relaxed under hypnosis are similar. The 
tracings taken with the patient complaining of fatigue, which had been suggested 
under hypnosis, shows deterioration of the ballistocardiogram and the appearance 
of small high-frequency oscillations. This patient’s blood pressure remained 
stable throughout the experiment. 

Fig. 6 shows tracings taken from the same hypertensive patient. The ballis- 
tocardiogram taken after 2 hours and 10 minutes of lying on the ultralow-fre- 
quency bed shows deterioration of the ballistic complexes not unlike that produced 
by having the patient tighten his back muscles voluntarily. 


DISCUSSION 


It was a purpose of these experiments to produce fatigue or stress in order 
to change body linkage systems without directly affecting cardiovascular func- 
tion. The time required to produce fatigue abnormalities in the ballistocar- 
diogram seems excessive in terms of the usual routine recording time necessary 
to take a ballistic tracing. The long fatigue or stress period, however, has its 
clinical corollary in anxiety states. That such a relationship is present is evident 
in the prefatigue tracings of our normal group. Three of these tracings were 
abnormal even though the patients had no evidence of heart disease. These 
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3 patients were considered by the psychiatrist to have anxiety states. The fact 
that their ballistocardiograms became normal with sodium Amytal sleep further 
supports this concept. 

The development of fatigue abnormality in the direct-body ballistocardio- 
gram might be interpreted as evidence of change solely in the external linkage 
between the body and the table. The presence of definite distortion in the ultra- 
low-frequency ballistocardiogram, however, indicates that internal linkage sys- 
tems must be involved as well. 

In any case, these observations indicate that fatigue or anxiety may produce 
significant abnormalities of direct-body or ultralow-frequency ballistocardiograms 
which must be differentiated from abnormalities due to heart disease. 

This conclusion suggests an important hypothesis (M.T.): In the presence 
of a normal heart and great vessels, a relaxed internal body linkage system permits 
a rhythmic ballistocardiogram. Thus, the extracardiovascular body system is 
in synchrony with the pulsating heart and, therefore, represents a minimum load 
on the heart. This phenomenon is analogous to a swing which is periodically 
given a push. As long as the frequency of the swing is in synchrony with the 
periodic push, the force necessary to move the swing is minimal. If the frequency 
of the swing is altered, asynchrony develops. Hence, the force necessary to im- 
part motion to the swing is increased. Under stress, changes take place in the 
internal body linkages producing an arrhythmia. This arrhythmia represents 
asynchrony between random mechanical oscillations of the body and the pulsat- 
ing heart. Therefore, these body movements represent an added load on the 
heart. It becomes evident, from this hypothesis, that stress over a long period 
of time may provide a considerable increase in cardiac work load. If this is the 
case, an abnormal ballistocardiogram becomes significant even though the heart 
at that particular time is normal. 


SUMMARY 


Abnormalities were produced in the direct-body and ultralow-frequency 
ballistocardiograms of patients with and without heart disease, by the induction 
of fatigue. These abnormalities were obliterated during sleep induced by sodium 
Amytal and during relaxation under hypnosis. 

The changes in these ballistocardiograms are considered to be due to changes 
in body linkage systems, and not to any abnormality of the heart. 

An hypothesis is presented which suggests that the abnormal ballistocardio- 
gram, characterized by a nonrepetitive pattern, reflects asynchrony between the 
heart and the body. This asynchrony represents an added work load on the 


heart. 
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VISUALIZATION OF THE EXCISED HUMAN HEART BY MEANS OF 
REFLECTED ULTRASOUND OR ECHOGRAPHY 


PRELIMINARY REPORT 
J. J. Witp, M.D., HArry D. CRAWForD, PH.D., AND JOHN M. ReErp, M.S. 


MINNEAPOLIS, MINN. 


INTRODUCTION 


T IS the purpose of this preliminary communication to describe some experi- 
ments on the excised fresh human heart using the techniques of pulsed ultra- 
sonics known as echography.! The principles of echography have been described 
elsewhere?** in connection with the diagnosis of cancer. Briefly, the system 
consists of a transmitter, a piezoelectric crystal which generates and receives 
ultrasound, a receiver, and a cathode-ray tube display unit. The echograph 
operates somewhat like a radar system, except that ultrasound is employed in- 
stead of radio waves. 
As a preliminary step towards visualizing the cardiovascular system in the 
living subject, instrumentation originally developed for the examination of 
“lumps” in the human breast was used. 


EXPERIMENTAL PROCEDURE 


Immediately following death, the heart was removed from a 56-year-old white man who 
had been admitted to hospital in shock and expired 35 minutes after admission. The instrument 
shown in Fig. 1 was applied in such a way that the beam of sound swept over the left coronary 
artery. The collected results of this procedure are shown in Fig. 2. The left coronary artery was 
visualized as indicated. The heart was turned over and the base of the heart was scanned as shown 
in Fig. 3,B. The echogram showed the aorta as indicated. The instrument was then applied to 
the posterior surface of the heart over an area which was seen by the pathologist to be damaged 
by infarction. The echogram obtained from this procedure is shown in Fig. 3,A and the infarct 
is indicated in the echogram. 


Pathologic Report—The heart was then submitted to routine pathologic dissection and the 
report on the condition of the heart was as follows: : 


Area of softening and hemorrhage in the posterior mid-portion of the left ven- 
tricle near the septum. Heart markedly fatty, left ventricle 1 to 1.5 cm. thick. Coro- 
nary orifices slightly reduced in size. Dissection of the coronary arteries reveals 
marked intimal thickening and calcification of the left coronary artery at its most 
proximal portion. The lumen is pin point in size. 

Diagnosis: Coronary sclerosis, coronary thrombosis, myocardial infarction. 


Received for publication June 4, 1957. 
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Fig. 1.—A side view of the echoscope used is shown at the top. 
water chamber with the crystal in the base at the left. 


WILD, CRAWFORD, AND REID 


> 


Am. Heart J. 


December, 1957 


The inset shows a view into the 
The crystal travels back and forth sweeping a 


distance of 6.5cm. In use, the water chamber is closed by a rubber membrane permeable to ultrasound 


DEPTH 


Fig. 2.—Visualization of left coronary artery in excised human heart. 


ECHOGRAM 


LEFT CORONARY ARTERY 


HEART SURFACE 


RANGE MARKS (Icm apart) 


REPEAT PICTURE (Tech. phenomenon) 


The left coronary artery 


was revealed as a flat group of signals in the echogram as indicated at a depth of approximately 2 cm. 
from the cardiac surface. 
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DISCUSSION 


The direct visualization of the pathologic condition of the heart in the fresh, 
warm, human heart was successful from the technical point of view. However, 
visualizing such conditions in the living, intact subject presents formidable 
technical problems which must be solved. Two possible approaches have been 
considered—from the chest wall and from the esophagus. The motion of the 
living heart can be stopped by electronic timing devices loosely analogous to 
stroboscopy. Acoustically, limitations are imposed on the system with regard 
to frequency of operation and range or depth of penetration. It is desirable to 
use as high a frequency as possible in order to achieve maximum definition. On 
the other hand, the higher the frequency used the shorter the range. Thus, many 
compromises must be made in designing the sound heads. Using commercially 
available flaw detecting equipment which records echoes on a single time base 
(equivalent to one scan line in Fig. 2), Edler and Hertz® have succeeded in obtain- 
ing valuable information from the living heart by applying the crystal of the 
sound head directly to the skin of the chest over intercostal spaces. These workers 
felt that it might be possible to diagnose auricular thrombosis. They were able 
to locate echoes from the blood-heart wall boundaries using a frequency of 2.5 


ECHOGRAM 


REPEAT PICTURE 


AORTA 


HEART SURFACE HEART SURFACE 


INFARCT B RANGE MARKS (icm apart) 


A 


AORTA 


Jil 


REAR VIEW OF HEART 


Fig. 3.—Echogram A, visualization of infarcted heart muscle; B, visualization of base of human 
heart. The infarcted area was revealed in echogram A as a deficiency in the signals in depth as compared 
with those from contiguous normal cardiac musculature to the right of the indicated infarcted area. 
The aorta was clearly visualized even with the wide beam width (approximately 9 mm.) used. 
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megacycles in the living subject and were able to record continuously the move- 
ments of the heart wall in normal and diseased states. They also obtained records 
of the movements of the left atrial wall in mitral stenosis. In a subsequent com- 
munication, Hertz and Edler® were able to report success in the diagnosis of mitral 
valve disease by studying records of the heart wall movements. Introduction of 
the sound head into the esophagus was attempted but abandoned because of 
difficulty in obtaining acoustic matching between the crystal and the esophageal 
wall. The use of a water-filled balloon described previously? would appear more 
feasible. Identification of anatomic structures is much easier and certain if the 
sound beam is swept through the tissues as demonstrated in Figs. 2 and 3. 

It would seem that echographic techniques can be applied to the examination 
of the heart in the living subject if the formidable technical difficulties can be 
overcome. 

The authors wish to acknowledge the kind help of Dr. Lufkin and Dr. Chadbourne, Patholc- 
gists, St. Barnabas Hospital, Minneapolis, Minn., for their kind help in supplying the fresh human 
heart used in these experiments. 
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DIURETIC EFFECT OF CHLORPROMAZINE IN PATIENTS WITH 
CONGESTIVE HEART FAILURE 


A. M. Couen, M.D. 


JERUSALEM, ISRAEL 


CUTE effect of chlorpromazine* when administered parenterally in normal 

man and experimental animals usually results in increased urinary flow with 
little change in the ratio of the clearance of sodium or potassium to the clearance 
of inulin. This increased water diuresis is not usually associated with a change 
in renal hemodynamics,! although glomerular filtration and effective renal plasma 
flow may in some cases decrease. The increase in the urine output without in- 
crease in electrolyte excretion has found its explanation in a concomitant decrease 
in urinary excretion of an antidiuretic substance.? 

The present study was undertaken to determine whether chlorpromazine 
would also cause diuresis in patients with congestive heart failure who are known 
to excrete large amounts of antidiuretic substance.’ 


MATERIAL AND METHODS 


The subjects studied included a control group of 7 patients without clinical evidence of cardiac 
or renal disease or hypertension (Group I), 5 patients with congestive heart failure which was due 
to hypertensive cardiovascular disease in 3 and to aortic insufficiency in 2 (Group II), and 10 
patients with chronic cor pulmonale in congestive failure (Group III). 

The excretion of water, Na, Cl, and K, were determined in all patients before, during and 
after continuous i.v. infusion of chlorpromazine. The glomerular filtration rate (GFR) was deter- 
mined in most of the patients from the creatinine and inulin clearances. Two separate intravenous 
infusions were set up, one of 5 per cent glucose and the other of 6.0 per cent inulin in 5 per cent 
glucose, and each was run at 0.5 c.c. per minute. A priming dose of 45 c.c. of the latter solution 
was given i.v. The bladder was emptied through an indwelling catheter 20 minutes after the start 
of the infusion, and pressure over the symphysis pubis was applied to insure complete emptying. 
After collection of urine during 3 successive periods of 15 minutes each, an infusion of 3.5 mg. 
chlorpromazine in 30 c.c. of 5 per cent glucose replaced the glucose infusion and was run at the 
same speed, Urine collections were continued at intervals of 15 minutes until a definite diuretic 
effect was established. The chlorpromazine infusion was then replaced by the 5 per cent glucose 
infusion and urine was collected for 3 more 15 minute periods. Venous blood was taken for deter- 
mination of creatinine and inulin, before administration of chlorpromazine, during the diuretic 
effect, and after chlorpromazine was discontinued. In the cases where no diuresis appeared, blood 
was taken 120 minutes after starting the chlorpromazine and just before it was discontinued. 

Urinary Na and K were determined by means of the Barclay flame photometer. Cl was de- 
termined by the method of Schales and Schales,‘ creatinine by the method of Hare,’ and inulin 
by a modification of Roe’s method.*® 


From the Department of Medicine ‘‘B’’ and the Laboratory of Clinical Research, Rothschild Hadas- 
sah University Hospital, and the Hebrew University Hadassah Medical School, Jerusalem, Israel. 
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Blood pressure was measured by mercury sphygmomanometer every 10 minutes during the 
experiment, and in 5 cases of cor pulmonale, che ECG was recorded before, during, and after the 
diuretic effect of chlorpromazine. 


TABLE I. EFFECT OF CHLORPROMAZINE (CP)* ON URINARY FLow (c.c./MIN.) 


DURING CP 

CASE BEFORE CP AFTER CP 

NUMBER | (45 MIN.) FIRST SECOND (45 MIN.) 
45 MIN. 45 MIN. 


Group I: Controls 


48 
.60 


.70 
.16 


SOUS 


Average 
S.D. 0.91 
pt | | | <0.0001 


| 


Group II: Congestive Failure Due to Hypertension or Aortic Insufficiency 


0.67 
0.71 
0.53 
1.11 
0.35 


Average ; 0.67 
S.D. 
pt 


Congestive Failure Due to Cor Pulmonale 


.81 
.67 
58 
.52 
42 
il 
13 
.68 
. 82 


17 
33 


COON wre 
mooooooron 


Average 
S.D. 
pt 


62 


*Chlorpromazine administered as a continuous i.v. infusion 3.5 mg./30 c.c. 5 per cent glucose per 
hour. 

tApplies to difference between 45 min. control period and third 45 min. period during chlorpromazine 
infusion. 

Note: Footnotes to Table I apply likewise to Tables II, III, IV, and V. 


| | 
3.90 1.13 
4.72 0.90 
73 5.22 0.85 
50 5.55 0.60 
.38 4.68 0.80 
4.95 1.00 
.80 3.50 0.80 
0.87 
1 0.98 0.91 0.74 0.87 
2 0.78 0.67 0.62 0.38 
3 0.60 0.46 0.37 0.57 
4 1.30 0.93 1.26 0.91 
5 0.35 0.32 0.41 0.35 
0.68 0.61 
0.129 0.24 
>0.05 
Group [1]: 
06 6 
10 6 
55 8 
23 5 
72 1 
66 B0 
92 0 
0 
.00 —— 
.60 0.60 
0.58 0.96 3.175 1.18 
0.26 1.256 0.53 
<0.0001 
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In analyzing the results, the control urine excreted during the 45 minutes before starting the 
chlorpromazine infusion was compared with the amount for the third 45 minute period after the 
start of the chlorpromazine infusion, and with the urinary output for the 45 minutes after discon- 
tinuing the infusion. Each of these 45 minute periods consisted of 3 consecutive 15 minute periods 
of urine collection. 

Most of the patients were calm and slept comfortably during the administration of the drug. 


TABLE II. Errect oF CHLORPROMAZINE ON Na EXCRETION (uEQ./MIN.) 


DURING CP 


CASE BEFORE CP | AFTER CP 
NUMBER | (45 MIN.) (45 MIN.) 


Group I: Controls 


| 


158 .200 
218 .178 
.254 . 282 
250 . 164 
130 . 163 
.185 .170 
.200 


.200 


0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Group II: Congestive Failure Due to Hypertension or Aortic Insufficiency 


0.104 
0.121 
0.021 
0.158 
0.060 


0.093 
0.03 
0.05 


Group III: Congestive Failure Due to Cor Pulmonale 


. 180 
.024 
.140 
.058 
.049 
.039 
.058 
.066 
.093 


.235 
.019 
. 130 
.068 
.017 


213 
004 
126 
060 
002 
010 
090 
.067 
.023 
.040 


0.088 
0.017 
0.027 
0.058 
0.003 
0.008 
0.080 
0.074 
0.019 

10 0.039 
Average 0.041 
S.D. 0.032 


We 


.064 


45 MIN. 45 MIN. 45 MIN. 
1 166 0 0.250 0.178 
2 124 0 0.111 0.054 
3 223 0 0.157 0.200 
4 171 0 0.127 0.117 
5 140 0 0.215 0.153 
6 160 0 0.140 0.142 
7 190 0 0.135 0.120 
Average 168 Oz! 0.189 0.162 0.138 
S.D. 032 0.061 0.04 
p 0.4 
1 0.146 0.138 0.080 0.171 
2 0.143 0.142 0.143 0.131 
3 0.012 0.015 0.017 0.018 
4 0.227 0.151 0.158 0.096 
5 0.070 0.073 0.072 0.066 
Average 0.120 0.104 0.094 0.096 
S.D. 0.084 0.05 
| 0 0.136 
0 0.042 
0 0.066 
0 0.057 
0 
.023 0 0.009 
.095 0 0.012 
.062 0 0.057 
.077 0 
.049 0.080 0.040 
Oz! 0.078 0.079 0.052 
0.0448 0.013 
p <0.01 
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RESULTS 


A definite and marked diuresis followed the administration of chlorpromazine 
in the control Group I. The diuresis was usually well developed by 90 minutes 
after the start of the chlorpromazine infusion, although in a few cases it appeared 
even earlier. The urinary output during the third 45 minute chlorpromazine 
period was more than 4 times that of the control period (Table 1). The urinary 


TABLE III. Errect oF CHLORPROMAZINE ON Cl EXCRETION (uEQ./MIN.) 


DURING CP 


CASE BEFORE CP AFTER CP 
NUMBER (45 MIN.) SECOND (45 MIN.) 
45 MIN. 45 MIN. 


Group I: Controls 


0.152 . 183 
0.250 .218 
.312 
.175 
. 183 
.200 
. 300 


1 0. 
2 0. 
3 0. 
4 0. 
5 0. 
6 0. 
7 0. 

0. 

0. 


Grout II: Congestive Failure Due to Hypertension or Aortic Insufficiency 


w 


0.101 
0.145 
0.916 
0.160 
0.074 


Co 


| 


Average 
S.D. 


~I bh 

= 


Group III: Congestive Failure Due to Cor Pulmonale 


oo 
—) 


| 


— 


Average 


| 


oo | oossssssss 
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| 
200 0.129 0.191 
115 0.089 0.196 
236 0.233 0.190 
378 0.131 0.109 
171 0.110 0.150 
193 0.150 0.160 
230 0.227 0.250 
Avera 218 0.215 0.224 0.153 0.178 
S.D. 084 0.085 0.041 
p <0.05 
| 
1 0.165 0.153 0.113 
2 0.159 0.155 0.131 
3 0.009 0.009 0.021 
4 0.236 0.184 0.155 
5 0.075 0.077 0.067 
0.129 0.114 0.099 0.097 | 
0.089 0.036 
0.05 
097 0.171 0.246 | 0.139 
002 0.004 0.011 .041 0.030 
027 0.132 0.171 .142 0.113 
057 0.052 0.065 .063 0.053 
005 0.002 0.019 .022 ——- 
010 0.007 0.017 .026 0.009 
053 0.060 0.086 .041 0.013 
089 0.091 0.079 .091 0.061 
025 0.034 0.108 .118 ——— 
| 057 0.060 0.067 .079 0.060 
P| 042 0.061 0.087 0.080 0.060 
S.D. 032 0.043 0.048 
p <0.01 
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flow decreased promptly on cessation of the chlorpromazine and returned to the 
control rate within about 30 minutes. The water diuresis was not accompanied 
by an electrolyte diuresis. There was a decrease in Cl and K excretion, but the 
excretion of Na did not change significantly. The GFR as measured by both 
creatinine and inulin clearance did not change significantly during the period 
of diuresis. 


TABLE IV. EFFECT OF CHLORPROMAZINE ON K EXCRETION (uEQ./MIN.) 


DURING CP 


CASE BEFORE CP | AFTER CP 
NUMBER | (45 MIN.) (45 MIN.) 


.055 
.052 
.087 
058 
048 
065 
.074 


oooooeco 


.063 


Group II: Congestive Failure Due to-Hypertension or Aortic Insufficiency 


0.057 | 0.045 .043 0.051 | 
0.062 | 0.054 | .053 0.051 
0.040 0.035 .034 0.034 
0.048 0.035 .031 0.029 
0.032 0.029 .027 0.035 


0.048 0.040 .038 0.040 
0.014 | | | 0.008 
>0.05 


Group III: Congestive Failure Due to Cor Pulmonale 


.048 
.032 
.061 
037 
.023 
.024 
.056 
.032 
. 103 
.075 


.049 


.069 
.032 
111 
039 
.031 
.019 
.070 
.039 
.121 
054 


SOON AU 


Average 
S.D. | 
p <0.02 


.059 


~ 


45 MIN. 45 MIN. 45 MIN. | 
Group I: Controls 
1 0.164 0.100 0.088 | 
2 0.090 0.071 | 0.043 | 072 
3 0.061 | 0.080 0.060 | 072 
4 0.052 | 0.045 | 0.040 | 025 
5 0.140 | 0.085 | 0.062 | 103 
6 0.116 | 0.092 | 0.055 .120 
7 0.052 | 0.069 | 0.052 045 
Average | 0.096 | 0.077 | — | 0.057 | 082 
S.D. | 0.045 | 0.0345 | 038 
p | | <0.001 | 
1 0.040 
2 0.051 
3 0.029 
4 0.032 
5 0.036 
Average 0.038 
S.D. 0.008 
p 
| 0.033 .039 0 | 0.031 
0.017 033 0 | 0.022 
| 0.042 084 0 0.041 
0.029 029 0 | | 0.030 
0.024 016 0 | 
0.010 012 0 0.009 
0.047 | 047 0 | 0.010 
| 0.053 047 | 0 | 0.019 
0.058 036 0 | 0.070 
1 | 0.049 | 0.060 0 0.080 
0.035 
0.023 
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Among the patients with congestive failure due to hypertension and/or 
aortic valvular disease (Group II) chlorpromazine had no significant diuretic 
effect (Table I). There was no change in the excretion of Na, Cl, or K (Tables 
II, III, IV) nor was there a change in the GFR (Table V). 

In the cases of congestive failure due to cor pulmonale (Group III) chlorpro- 
mazine produced a marked diuresis (Table 1). The urinary flow during the con- 
trol period of this group was about half that of Group I. However, the maximum 
diuresis during the third 45 minute period of chlorpromazine administration rose 
to over 71% times that of their own control period, although the absolute rate 
still did not reach that achieved by Group I during chlorpromazine administra- 
tion. The water diuresis in the patients with cor pulmonale also decreased rapidly 
after cessation of the chlorpromazine infusion. In contrast with the normal group 


TABLE V. EFFECT OF CHLORPROMAZINE ON GLOMERULAR FILTRATION RATE (C.C./MIN.) 


CREATININE CLEARANCE INULIN CLEARANCE 


CASE 
NUMBER | | DURING CP | DURING CP 
| BEFORE CP |THIRD 45 es AFTER CP BEFORE CP |THIRD 45 MIN.) AFTER CP 


Group I: Controls 


165.00 187 .00 175.00 125.00 159.00 143.50 
130.00 150.50 145.00 102.00 110.00 108 .00 


125.00 120.50 130.00 102.00 | 98.00 110.00 
| 145.00 | 140.00 150.00 
Average | 141.25 | 149.42 | 150.00 109.70 122.30 120.50 
S.D. 17.97 | 15.03 | 16.00 13.26 19.42 16.20 
p 0.3 | | 0.3 | 


Group II: Congestive Failure Due to Hypertension or Aortic Insufficiency 


1 83. 


5 90 100.0 
2 35.0 45.0 33.0 
3 34.8 35.4 34.2 


Average | 51.1 56.8 55.7 


Congestive Failure Due to Cor Pulmonale 


Group IIT: 


1 .00 .00 30.00 30.00 69.00 

2 30.00 62.00 32.50 28.00 55.00 30 
3 39.00 163.00 48.00 34.00 130.00 40 
4 41.00 149.00 50.00 | 35.00 92.00 38 
5 47.50 134.00 45.00 45.00 96.50 40 
6 23.20 75.80 37.60 | 


.00 


26.134 
<0.001 


7 29 .00 115.00 56 
Average 34.96 112.70 42.70 34.40 88.50 35.2 
S.D. 8.24 32.76 8.90 6.58 P| 5.13 
p <0.0001 
| { 
¥ 
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the water diuresis in patients with congestive cor pulmonale was accompanied 
by an electrolyte diuresis (Tables II, III, IV) although this was not proportional 
to the water diuresis (Table I). The Na excretion rose to almost twice that of 
the control period. The Cl also rose to the same extent, while the K excretion 
did not increase significantly. The electrolyte diuresis decreased to control 
period values promptly following cessation of the chlorpromazine infusion. The 
average GFR in the control period of Group III, as determined by either the 
inulin or the creatinine method, was less than one fourth that of the control 
group. During the diuresis induced by chlorpromazine, the GFR of these patients 
more than doubled (Table V). After cessation of the chlorpromazine infusion 
the GFR decreased rapidly. 

The maximum decrease in blood pressure during the infusion in all groups 
was in the range of 15 to 20 mm. Hg systolic and 5 to 10 mm. Hg diastolic. 


DISCUSSION 


The results of the present study demonstrate that chlorpromazine is effec- 
tive as a diuretic not only in normal individuals, but also in patients with cor 
pulmonale in congestive heart failure. The water diuresis produced in normal 
individuals under the present experimental conditions was not accompanied by 
an electrolyte diuresis. Similar results were found by Moyer'and Parrish.2, How- 
ever, in contrast to their results there was no decrease in GFR. 

The mechanism of this water diuresis has been related to the fact that the 
amount of antidiuretic substance in the urine decreased as the urinary flow 
increased.” 

Unlike the course in normal individuals, the diuresis produced by chlorpro- 
mazine in patients with congestive failure due to cor pulmonale was accompanied 
by an increase in the excretion of Na and Cl. This difference may be explained 
by the fact that in the patients with congestive failure due to cor pulmonale 
chlorpromazine increases the GFR to about 3 times that of the control period, 
while in the normal subject the GFR is unchanged. Thus we can assume that 
in the patients with congestive heart failure due to cor pulmonale in which in- 
creased amounts of antiduretic substances were found in the urine® the drug 
causes diuresis by a double mechanism: (1) by reducing the secretion of an anti- 
diuretic substance, and (2) by increasing the GFR. However, the possibility 
of increased water excretion per se causing a secondary increase in electrolyte 
excretion should be considered. 

Potassium excretion did not change during the period of diuresis. This is 
in line with the fact that potassium excretion in the urine is less dependent on 
the relative magnitude of the GFR and is more related to tubular function. 

The fact that in the patients with congestive heart failure due to cor pul- 
monale the GFR could be raised indicates that the reduction in GFR in this 
condition may be reversible. Thus, chlorpromazine which is known to have a 
powerful vasodilating effect in other parts of the body’ also appears to be able 
to abolish functional constriction in the renal vessels. This suggests that the 
mechanism of heart failure and water retention in cor pulmonale is different from 
that in congestive failure due to other types of heart disease. 
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With the dose of chlorpromazine used in this set of experiments, the blood 
pressure did not change significantly. In preliminary experiments, slightly larger 
doses of chlorpromazine caused a decrease in blood pressure, and the urinary flow 
consequently decreased almost to zero. When the rate of administration of chlor- 
promazine was diminished and the blood pressure rose again to normal, urinary 
flow increased. It should be clear that the results described above were obtained 
only with doses of chlorpromazine not large enough to reduce the blood pressure 
significantly. 

The 5 cases of congestive heart failure due to hypertension or aortic valvular 
disease did not respond with a water diuresis to the dose of chlorpromazine used. 
The GFR in these cases was slightly higher than in those with cor pulmonale. 
However, the reason they did not also respond to chlorpromazine with a diuresis 
is not apparent. 


SUMMARY 


1. The effect of a continuous intravenous infusion of chlorpromazine on the 
urinary flow, on the excretion of Na, K, Cl, and on the GFR was studied in a 
group of patients with congestive failure due to cor pulmonale, in a group with 
cardiac fallure due to hypertension or aortic insufficiency, and in a group without 
evidence of cardiovascular or renal disease. 

2. In 7 patients without cardiovascular or renal disease there was a marked 
water diuresis without increase in electrolyte excretion. The GFR did not change. 


3. In 5 patients with congestive heart failure due to hypertension or aortic 
insufficiency, chlorpromazine did not produce a diuresis nor was there an increase 
in electrolyte excretion or any change in the GFR. 

4. In 10 patients with congestive heart failure due to cor pulmonale, chlor- 
promazine caused a marked water diuresis, but there was also a definite increase 
in Na and Cl excretion. The GFR rose in most of these cases. 
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HIATUS HERNIA AND ELECTROCARDIOGRAPHIC CHANGES 


JosePH BLoom, M.D.,* AND Eric GuBBaAy, M.D. (Lonpon), F.R.C.P. (C)** 


MONTREAL, CANADA. 


TIMULATION of the vagus nerve or of hollow abdominal viscera has caused 
\/ diminished coronary blood flow in animal experiments.! Vagal coronary 
reflexes or, alternatively, a diminution in cardiac output and blood pressure 
have been held responsible.” It is possible that similar effects may occur in human 
physiology. With regard to hiatus hernia, the opinion has been expressed, 
“‘Although we do not believe that hiatus hernia produces any disturbance in the 
coronary circulation in the presence of normal coronary arteries, it is possible 
that it may act as a trigger mechanism precipitating angina pectoris when the 
coronary arteries are sclerotic.’’* In line with this opinion, Segall and associates‘ 
found striking changes in the T waves, on direct carotid sinus stimulation, only 
in patients with evidence of impairment of the coronary circulation. 

Nevertheless, isolated reports have appeared in the literature suggesting 
that hiatus hernia may cause significant electrocardiographic changes. Cossio 
and Fustinoni® described 5 cases with ‘‘the appearance of a coronary T wave in 
the E.C.G. . . . due to mechanic or inflammatory action of the hernia on the 
pericardial surface of the heart.”” Jansoni and Bertiglia® described temporary 
T-wave changes in Lead I which they believed were due to vagal coronary reflexes 
from a hiatus hernia. Parsonnet, Klosk and Bernstein’ described a 51-year-old 
patient with a demonstrable hiatus hernia and evidence of previous myocardial 
infarction. 

‘The swallowing of food was almost certain to bring on an attack of sub- 
sternal pain which would be relieved by nitroglycerin. During these attacks 
there was electrocardiographic evidence of acute coronary insufficiency. It is 
noteworthy that these attacks could not be induced by effort.’’ The published 
report shows horizontal or sagging S-T segment depression in Leads I and II 
after “‘half a slice of toast and half a cup of milk.’’ The changes revert to normal 
after nitroglycerin. 

The following study was conducted in order to determine whether fleeting 
ECG changes occur with simultaneous visualization of hiatus hernia. 


MATERIAL 


Fifteen patients with hiatus hernia were studied, as they became available to the x-ray 
department. Of these patients, 3 were aged 30 to 40; 5 were aged 40 to 50; 5 were aged 50 to 60; 
and 2 were over 60 years old. Routine ECG showed that 1 patient had evidence of previous 
myocardial infarction, 1 had left bundle branch block,and 1 had T-wave abnormalities only. 
Six patients were male and 9 were female. 

Received for publication Aug. 2, 1957. 


*Department of Radiology, Jewish General Hospital, Montreal, Canada. 
**Department of Medicine, Jewish General Hospital, Montreal, Canada. 
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X-Ray Technique.—The technique used was that previously described. The patient lies on 
the x-ray table in the left oblique position in order to separate the densities of the heart and the 
hernia. A mouthful of barium is swallowed under fluoroscopic control. As the esophagus fills 
with barium, the patient is instructed to take a deep breath and hold. (Deep inspiration increases 
the intra-abdominal pressure and decreases the intrathroacic pressure. It is thought that an 
esophagus “‘full”’ of barium exerts a siphon or suction effect on the hernia under the above condi- 
tions. ) 

ECG Technique.—Leads I, aVy, Vs, and V3 were recorded simultaneously in a 4-channel 
Sanborn electrocardiograph. Records were made in the standard supine position, in the oblique 
position, and in the oblique position with the breath held in deep inspiration. Finally, an ECG 
was recorded simultaneously with the barium swallow and deep inspiration, in an attempt to 
visualize the hernia under fluoroscopic control. 


RESULTS 
Vagal Effects—At the time of simultaneous ECG study, the hernia was 
demonstrated in 11 of 15 patients previously known to have hiatus hernia. No 


vagal effects were demonstrated in any of these 15 cases as judged by observation 
of the rate and rhythm and measurement of the P waves and the P-R intervals. 


Fig. 1. 


QRS and T.—Deep inspiration produced obvious changes in QRS and T 
in these patients as well as in patients without hiatus hernia. Accordingly, atten- 
tion was directed to comparison of records in deep inspiration in the oblique 
position before and during the attempted visualization of the hernia. The records 
were read without any prior knowledge of the x-ray results. 

There were no QRS and T changes that could be attributed to the hiatus 
hernia. Now, look at the ECG shown in Fig. 1. For convenience of mounting, 
Leads Vs and Vs were cut and remounted. The record was taken at normal 
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standardization but at twice normal speed (50 mm. per second). Lead Vs. shows 
a cyclic fading and reappearance of the T wave accompanied by a similar change 
in the P wave. A simultaneous but less obvious change occurs in QRS. The 
sinus rhythm remains unchanged (see Lead aVr). 

Throughout, the R-R interval diminishes slightly but progressively. The 
P-R interval remains unchanged. The x-ray record showed that the hiatus hernia 
was not visualized on fluoroscopy or in the spot film at the time the ECG was 
made. In one of the other cases studied, similar T-wave changes were seen, but 
without a complete cycle of fall and rise; in that case the hernia was clearly 
demonstrated. 


COMMENT 


In a recent study® it was concluded that ‘‘electrocardiographic changes occur 
as a result of mechanical distention of the stomach or small intestine.’’ Because 
‘the changes were not associated with significant alteration of the QRS axis, nor 
could they be reproduced by placing the patient in the Trendelenburg position,”’ 
the author concluded that ‘‘the possibility remains that a reflex mechanism is 
involved.’’ (It must be stated that the publication referred to shows T-wave 
changes in Lead III which is particularly sensitive to heart movement. Note 
that the authors claim that the T-wave change is not associated with “significant” 
ORS change.) 

Einthoven, Fahr and de Waart!® showed that in respiration changes in P 
and T may not always correlate quantitatively with changes in QRS. In describ- 
ing the effect of respiration on the mean spatial T vector, Grant! commented, 
‘Furthermore in some instances this alteration appeared to be gradual, its com- 
pletion requiring several complexes after full inspiration had been reached.”’ A 
report by Frank and Kay,” using an artificial dipole on torso models, has em- 
phasized that ‘“‘the dipole position has a very pronounced effect on the wave 
shape inasmuch as it results in extreme effects in certain cases such as inverting 
the QO wave, reducing greatly the R wave or deepening the S wave.’’ In this 
last report it is seen that change in dipole position alone has reproduced changes 
classically attributed to rotation of the heart axis. It is obvious that if the equiva- 
lent QRS dipole and the equivalent T dipole are located differently, complex 
results may occur. We believe that reported effects on the T waves of the elec- 
trocardiogram due to reflexes originating in the gall bladder, stomach, or hiatus 
hernia should be accepted with caution. 


SUMMARY 


Fifteen cases of hiatus hernia were studied by a technique suitable to demon- 
strate fleeting ECG changes at the time of visualization of the hernia. No changes 
were observed that could be ascribed to reflex or mechanical effects arising in 
hernia. 

Many of the patients studied were in the age group in which significant 
coronary arteriosclerosis is common. Three of the patients studied had abnormal 
routine electrocardiograms. 
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RESPIRATORY CHANGES OF THE SPATIAL VECTORCARDIOGRAM 
RECORDED WITH DIFFERENT LEAD SYSTEMS 


Ernst Stmonson, M.D., NAKAGAWA, M.D., AND 
Otto H. Scumitt, PH.D. 


MINNEAPOLIS, MINN. 


INTRODUCTION 


ESPIRATORY effects on the electrocardiogram were observed in the very 
early phases of electrocardiography,'~* and were studied systematically by 
Einthoven in 1913.5 The early studies and most of those that followed have 
been concerned with respiratory variations determined in the frontal plane with 
the aid of the three standard leads.*-*"-16 There is agreement that the down- 
ward rotation of the QRS and T axes in inspiration increases with increasing 
initial (mid-respiratory) left axis deviation.*-!° Oscillographic loop projections on 
two planes (frontal and sagittal) in different respiratory positions were obtained 
by Schellong,!® Vastesaeger,® and Burch,!’ and on one plane by Hollmann and 
Guckes." In all of these studies, changes of the loop contour were noted together 
with changes in axis orientation. Most of the investigators®'°- explained the 
respiratory electrocardiographic changes on the basis of positional changes of the 
heart, but some authors!-- held that nervous and hemodynamic factors, such 
as diastolic volume changes, are involved. No adequate statistical evaluation 
of respiratory electrocardiographic changes has been made, however, in previous 
studies. 

Spatial vector analysis, as contrasted to analysis of projected planar vectors, 
permits a quite accurate characterization of directional changes and a more 
precise differentiation between positional and functional changes. Actual spatial 
vectors must be determined, and not merely their projections in one or the other 
plane, for these are nearly as sensitive to positional variability as are single leads. 
No such studies have yet been reported. 

The advantages of spatial vectorcardiography are fully realized, however, 
only with a lead system projecting the horizontal, vertical, and sagittal com- 
ponents with a minimum of distortion. Since the lead systems currently most 
popular (conventional leads, Duchosal, Wilson-Burch, Grishman, etc.) are demon- 
strably mutually inconsistent and in all probability share a large element of 
distortion,'® the results obtained with different systems are not directly compara- 
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ble. As in any type of vectorcardiographic work, it would be desirable to use 
leads in such a way that generalization of conclusions could be made that are 
not dependent on the lead system per se. 

The present study is comprised of three parts. The bulk of the experimental 
material was obtained with mean spatial QRS and T vectors, constructed from 
conventional leads with a mechanical analyzer,'* and is presented in the first part. 
The justification for using the conventional lead system is its universal acceptance 
in clinical electrocardiography. 

In the second part, the results are compared with the SVEC III lead system. 
This system, consisting of 3 electrically orthogonal leads (X, Y, Z), shows the 
least distortion of all lead systems compared. It is developed by combining 
several lead positions (4 for lead X, 8 for lead Z), thereby cancelling the distor- 
tions in the separate lead components.'® SVEC III, therefore, probably comes 
closest to a practically realizable ideal lead system. In addition, exploratory 
comparisons were also made with 6 other lead systems. 

In the third part, an attempt is made to explore the mechanisms of respira- 
tory changes. Studies of quantitatively fractionated respiration and comparison 
of regular beats and ventricular extrasystoles are included. 


METHOD 


The mean spatial vectors, both for the conventional and the SVEC III lead system, were 
determined from time-based electrocardiograms using a mechanical vector analyzer.'* The 14 
electrode positions for the SVEC III system are described in an earlier communication.!® Because 
of the numerous electrodes required, a vest was constructed which permits all necessary electrodes 


Fig. 1.—The vest with adjustable electrodes clipped to elastic bands with spring coil fasteners. 


to be attached in a single simple procedure. It consists of an array of elastic belts,™ as shown in 
Fig. 1. The individual electrode positions are adjustable by moving the electrodes along the elastic 
bands and by adjusting whole bands according to body build. The whole procedure, i.e., putting 
on the vest, applying electrode paste, taking 3 standard leads, the 3 SVEC leads, and Leads 
V.i-Ve is done within 8 to 10 minutes. A 4-channel Sanborn machine was used in conjunction 
with a special switch network which permits instantaneous selection of any 4 groups of 4-lead sets: 
in this case, Leads I-III, X-Y-Z, Vi-s, Vic, each plus one common reference lead, Y, were used. 


‘ 
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In a smaller number of subjects, oscilloscopic spatial loops were recorded and maximuni QRS 
and T vectors determined by rotation of projection, as described in an earlier communication.?° 
In addition, the loops were photographed in their maximum projection and in projection on frontal, 
horizontal, and sagittal planes. The following lead systems were compared: conventional leads, 
SVEC II, SVEC III, Briller, Duchosal, Frank, Grishman, Wilson-Burch. 

In all subjects, the records were taken in mid-respiration (MR), in full inspiration (IN), and 
in full expiration (EX). A more quantitative study was made with 5 subjects using fractionated 
inspiration of 1,000, 2,000, 3,000 c.c., covering the whole range of vital capacity, as measured by 
a spirometer. 

The values are given in terms of elevation: V° (90° left; 0° down); azimuth H° (0° left, 90° 
front, —90° back); magnitude (Mag., standardized mm. = 0.1 mv.); and the angle between the 
spatial ORS and T vectors (dA°). 

Subjects.—The main experimental group consisted of 38 healthy men from 19 to 63 years old, 
with a mean age of 42.8 years. The subjects were selected so as to cover the normal range of dis- 
tribution QRS-V°, in mid-respiration (MR), from 8° to 102°, and QRS-H° from —64° to 35°. The 
means and standard deviations of the various items were nearly identical with those of a larger 
group of 178 healthy men previously published. The group of 38 men is, therefore, fairly repre- 
sentative of normal means and distribution as obtained in the larger group. Comparison of the 
conventional lead system and SVEC III was made in another group of 22 healthy men. 


RESULTS 


Part 1: Respiratory Changes of Mean QRS and T Vectors, Conventional 
Lead System.— 

Table I shows direction and magnitudes of mean QRS and T vectors in 
mid-respiration (MR), maximal inspiration (IN) and maximal expiration (EX) 


the mean differences between MR and IN, and MR and EX positions. The 
statistical significance of these differences, as evaluated by means of the t-test, 
is also tabulated. 

Since the volume change associated with full inspiration is much larger than 
that produced in expiration, it is not surprising that the changes in expiration 
are smaller than those in inspiration. The trends of the changes of H® and of 
V° with inspiration are statistically significant for both QRS and T vectors in 
spite of considerable individual variability. In expiration the changes of QRS 
and T-H° are in general opposite, but smaller. Although the mean changes of 
ORS-Mag. and T-Mag. are statistically not significant, the large standard devi- 
ations show that in some subjects the changes of the vector magnitude are quite 
large (the extreme changes were —7.3 mm. for QRS and +5.0 mm. for T). It 
is of interest that dA° increases significantly in inspiration. This cannot be 
explained simply by a positional factor for, in an ideal lead system, dA° would 
presumably be independent of position. ; 

The most surprising result is the statistically highly significant rotation of 
QORS-H° and T-H?° in opposite direction, shown in Fig. 2, QRS-H® moving back- 
ward and T-H° forward in inspiration. Clearly, this cannot be explained on the 
basis of positional change. 

There is also an inconsistency in the elevational mean shifts of QRS and T 
(Fig. 3), but in this case the gross rotations are not opposite in direction. The 
shift is larger for QRS than for T; the difference of 12.0° is statistically significant 
at the 0.1 per cent level. 
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Larger changes of the Einthoven QRS axis than of the T axis in inspiration 
were noted by previous investigators,°®*-* but were explained on a positional 
basis. Having observed the discrepancies in the directional changes of the QRS- 
and T-vector projections, we must expect accompanying changes in dA®. 

Fig. 2 shows the average respiratory changes of QRS-H° and T-H?® in 38 
men. The individual difference in the direction of QRS-H° and T-H® reached an 
extreme of 48°. The values refer to mean vectors determined from conventional 
leads. Fig. 4 shows an example of the opposite movement of the QRS and T 
null point in the precordial leads. 

There was a highly significant negative correlation between V° in MR position 
and the changes in IN position both for QRS and T. The changes of QRS-V° 
in inspiration were also correlated to those of T-V° in MR. The correlation co- 
efficients and regression equations are shown in Table II. Fig. 5 shows, in a 
scatter diagram, the relationship between QRS-V° in MR position and change 
in IN position. The dashed lines demarcate the predicted 95 percentile limits 
which were used for the evaluation of respiratory changes in patients. The greater 
changes accompanying higher elevational angles support former observations of 
respiratory changes of the Einthoven axes.*-!° 


TABLE I. MEAN VALUES (M) AND STANDARD DEVIATIONS (S.D.) OF THE MEAN SPATIAL QRS AND T VECTORS OF 38 
HEALTHY MEN IN MID-RESPIRATION (MR), MAXIMAL INSPIRATION (IN) AND MAXIMAL EXPIRATION (EX). 


MAG. (mm.) 


AIN-MR 
MA —16.5 0.51 


S.D. of A 14.6 1.58 


ta-1 5.925*** 6.949*** .230*** 1.977 | 


AEX-MR 
MA 3. 0.12 | — 2.3 0.13 


S.D. of A 9. 4 2.18 
3: 1 2.189* 69: 0.363 


H°—azimuth angle; V°—elevation angle; and dA°—spatial angle between mean QRS and T vectors. 
Statistical significance evaluated by the t-test: * Py < 0.05 

** < 0.01 

< 0.001 


922 
CHANGES (MEAN DIFFERENCES, MA) From MR To IN (AIN-MR) AnD From MR To EX (AIN-EX) 
QRS T 
H° MAG. (mm.) H° v° 
MR 
M 20.3 50.2 10.21 46.4 63.9 3.94 56.0 
8.D. 24.2 28.9 3.73 13.6 19.6 1.47 20.6 
IN 
M —28.8 33.7 9.51 55.9 59.4 3.43 61.3 
§.D. 24.9 19.6 3.82 14.4 18.2 1.84 21.9 
EX 
M 16.8 56.5 10.33 44.1 67.1 4.07 56.9 
8.D. 22.1 27.6 4.14 12.7 18.9 1.67 19.5 
13.9 
0.446 
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A further analysis of respiratory effects on vector directions was made by 
comparing positional subgroups. The basis for their selection is shown in Table 
III. Only the changes from MR to IN position were analyzed. 


Fig. 2.—The average changes (arrow) of the azimuth QRS-H° and T-H° in 38 men from mid- 
respiration (MR) to inspiration (IN). Length of the vectors indicates spatial magnitudes of mean QRS 
and T vectors and not of their projections on the horizontal plane. QRS-H° and T-H° rotate in opposite 
directions. 


ELEVATION 


Fig. 3.—The average changes (arrow) of the elevation QRS-V° and T-V° in 38 men from MR to IN. 
Length of the vectors indicates spatial magnitudes of mean QRS and T vectors and not of their projec- 
tions on the frontal plane. The rotation of QRS vector exceeds that of T vector. 
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Table LV compares 11 men with horizontal and 11 men with vertical QRS 
vector. The average changes of QRS-V° in the horizontal group (—30.7°) are 
much larger than those in the vertical group (—5.1°), as expected from the cor- 
relation in Table II. T-V° does not change in the vertical group, but moves 
significantly downward in the horizontal group. The orientation of QRS-V° is 
also related to the rotation of QRS-H°, which is significantly greater in the 
vertical group (—12.3 vs. —5.7). In contrast to the orientation of V° in MR 
position, the orientation of H® is not related to changes in inspiration (Table V). 

In the horizontal T-V° group the inspiratory changes of V° were significantly 
larger for QRS-V° (—29.1°) and T-V° (—13.3°) than in the vertical T-V° group 
(QRS-V° —6.9°; T-V° +5.2°). These results are similar to the comparisons of 
the vertical and horizontal QRS groups. Similarly, the rotation of QRS-H° was 
larger (—12.3°) in the vertical than in the horizontal T-V° group (—5.5°). This 
difference did not, however, reach statistical significance. 


TABLE II. CORRELATION AND REGRESSION BETWEEN VARIOUS VECTORIAL ITEMS 


COEFFICIENT | INTERCEPT 
OF ON SLOPE STANDARD 
CORRELATION) ORDINATE ERROR 


QORS-V° wer vs. —0.78** 
T-V°mr vs. AT-V°r-_wr —().45** 
US. AORS-V°iw- MR 0.47** —14.2 


**For statistical significance see Table I. 


TABLE III. CRITERIA FOR SELECTION OF EXTREME CASES AND NUMBER IN EACH POSITIONAL 
GROUP 


QRS CRITERION NUMBER 


Vertical QRS vector group QRS-V°wr S 
Horizontal QRS vector group ORS-V° wr 
Clockwise rotation QRS vector group QRS-H° wr 


Counterclockwise rotation QRS vector group QORS-H° wr 


Vertical T vector group 
Horizontal T vector group 
Clockwise rotation T vector group 


Counterclockwise rotation T vector group 


—0.40 9.1 18.2 
—0.31 12.1 24.2 
| 0.51 13.1 26.2 
30° 11 
70° 11 
— 40° 6 
8 
T 
< 48° 7 
T-V°ur 10 
T-H° ur 8 
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Comparison of additional subgroups selected for clockwise and counter- 
clockwise orientation of T-H° in MR position did not reveal significant differ- 
ences for the vectorial changes in inspiration. 

For analysis of age effects, 14 young men between 19 and 29 years were 
compared with 14 older men between 57 and 63 years. It has been shown in 
previous communications that age and electrical heart axes are not independent.” 
The mean respiratory changes of QRS- and T-Mag. were not significant, however, 
in the total or in any of the positional groups, and they were also not significant 
in either age groups. 

The effect of age on the direction of V° in MR position was corrected with 
the aid of the regression equation of Table II. QRS-V° in MR for the young 
group was 28.9°, and changed in IN position to 19.4°. The change of —9.5° exceeds 
slightly the predicted value of —8.0° (for 28.9° in MR). In the older group, 
ORS-V° in MR was 63.6° and changed to 46.4° in IN position. The difference 
—17.2° is somewhat smaller than the predicted value of —21.8°. These slight 
differences were not statistically significant, and this is also true for the other 
vectorial items. We must conclude that age seems not to influence respiratory 
changes of spatial ORS and T vectors. 


TABLE IV. COMPARISON BETWEEN VERTICAL QRS VECTOR AND HORIZONTAL QRS VEcTOR GRouPSt 


Vertical QRS Vector Group 


—27.8 
22.3 
—40.1 
19.1 
—12.3 
9.3 
4 .353** 


— Ore cr 


SO 100 = 


or) 
* 


Horizontal QRS Vector Group 


| 


= 


8.73 
4.27 
6.88 
2.27 
— 1.85 


Cm COSHKASH 
oe 
w © 


Wed We OO 


0.542 
non sig. 


tn + n2—2 .070 
054 


+Code in Table III. 
Statistical significance evaluated by the t-test: 


QRS T 
da° 
H° v° MAG. H° v° MAG. 
| 
MR M 19.9 10.3 51.7 4.08 53.2 
8.D. 5.7 3.84 18.5 1.59 18.7 : 

IN M 14.8 10.9 53.4 3.63 57.6 

§.D. 4.0 2.90 16.1 2.10 18.1 

MA | — §.1 0.6 —0.45 4.4 

8.D. of A 6.6 — | 10.0 -— 7.6 
tna | 2.548* | — a 0.545 — 1.942 

| | | 

MR M | .§ 4 

23.3 5 

IN M | —27.2 9 

S.D. | 246 | 6 

MA — §.7 | 5 

S.D. of A 4.9 4 
| 998 

| sig. 
< 0.01 
< 0.001 
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Part 2: Comparison of Respiratory Changes in Different Lead Systems.— 


In 22 men, the vectorial changes from MR to IN respiratory position were 
recorded with the conventional and with the SVEC III lead system (Table VI). 
Both lead systems were recorded on the same occasion, separated by a time 
interval of less than 1 minute. This group was not included in the group of 38 
men studied with the conventional lead system alone, yet the respiratory changes 
were nearly identical, as shown by comparison of Tables VI and I. 


A, 


Fig. 4.—A, MR; B, IN. The null point of QRS complex located in V4 in MR shifts to Vs in IN, while 
that of T wave moves from V; to Vsr. 
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The changes in all items are in the same direction for both systems, but 
are not identical in extent. The differences are statistically not significant, how- 
ever, except for the greater increase of dA° with the SVEC III system. The 
small decrease of QRS-Mag. of —0.49 mm. with the conventional lead system is 
not significantly different from zero (i.e., no change), while the decrease of — 1.60 
mm. with the SVEC III system is very significantly different from zero. The 
difference in QRS-Mag. between the two systems, however, is not statistically 
significant. The lack of significance for the difference is probably due to the small 
magnitude of changes, which approach the error of measurement in many cases. 

A significant correlation between the respiratory changes in the conventional 
and SVEC III lead system was found for QRS-H°® (correlation coefficient 0.86), 
ORS-V° (0.52), QRS-Mag. (0.51), and T-H® (0.45). T-V° (0.32) did not quite 
reach the 5 per cent level.of significance. The correlation is closer for QRS than 
for T, but still too low to predict the changes in one lead system from those in 
the other lead system (except for QRS-H’°). 


| 


° 
| AQRS-Vin-MR 


10.20 30 40 50 60 70 80 90 100 110 


QRS- VMR 


Fig. 5.—Negative correlation between QRS-V° in MR (abscissa) and AQRS-V° from:MR-to IN 
(ordinate). The thick line indicates regression line and the dashed lines demarcate the predicted 95 
percentile limits. 


In each of 4 subjects, spatial QRS and T loops were obtained with 7 different 
lead systems, in addition to conventional and time-based SVEC leads. Fig. 6 
shows stereoscopic loop projections on the frontal, horizontal, and sagittal planes 
taken with the SVEC III lead system. Not only the orientation, but also the 
configuration, of the loop changes drastically from MR to IN position. 

Four out of the 7 different lead systems (SVEC III, Duchosal, Grishman, 
Wilson-Burch) are compared in Fig. 7, each in a projection displaying a maximal 
extension of the QRS loop. With this procedure, directional differences are 
compensated by electronic rotation. The directional angles are read on the 
azimuth and elevation scales and are inserted in Fig. 7. Even with this procedure, 
the loop configuration is different for MR and IN position; the change of the QRS 
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loop contour in any plane (Fig. 6) is, therefore, not due alone to a different angle 
of projection. Thus, loops of all 4 lead systems have different initial orientation 
and shape and show different changes of QRS-loop contour with respiration. 
We found that the changes in maximal inspiration are not immediately 
reversible; they persist for a short time (several seconds) after resumption of 


normal respiration. 


a 


2. é. 4. 


Fig. 6.—Stereoscopic presentation of SVEC III records of one subject, projected on the sagittal 
(A), horizontal (B), and frontal (C) planes, shows changes in configuration and orientation of the spatial 
QRS loop from mid-respiration (/, 2) to inspiration (3, 4). 


Tables VII and VIII show, in a more quantitative way, the vectorial res- 
piratory changes in various lead systems. In the conventional lead system and 
SVEC III, mean vectors were constructed from simultaneous time-based scalar 
leads. In the other lead systems as well as in SVEC III, the maximal vectors 
were determined from the scales of the SVEC machine. For SVEC III, there- 
fore, both mean and maximal vectors were determined separately. 
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In all 4 subjects studied there were striking differences in direction and mag- 
nitude of ORS and T vectors between the different lead systems in all respiratory 
positions as well as in the respiratory changes, and these differences were not 
individually consistent. It was useless, therefore, to calculate the average changes 
for the group of subjects. Tables VII and VIII show the individual values for 2 
of the subjects (A.M. and C.R.), Table VII for the 3 respiratory positions, and 
Table VIII for the changes from MR to IN (A1), and from MR to EX (A2). 

In subject C. R., the backward movement of QRS-H° appears in all lead 
systems except the Wilson-Burch, which shows a pronounced forward rotation. 
This agrees, however, with Burch’s findings and illustrates a limitation of this 
lead system. Briller’s lead system shows a backward rotation of T-H°, while all 
other lead systems show a forward rotation (Table VIII). Subject A.M. is 
somewhat atypical because of the absence of any significant change of QRS-H° 
in SVEC III or the conventional lead system. The Wilson-Burch lead system, 
however, is the only one with a significant forward movement of QRS-H°, and 
the Briller system the only lead system with a backward movement of T-H?°. 
The inscription of the QRS loop in the horizontal plane as seen from above was 
clockwise in the Briller system, and counterclockwise in the other lead systems. 
With these exceptions, the respiratory changes displayed in the several systems 
were in the same sense, but different in extent. 


TABLE V. CLOCKWISE Rotation QRS Vector Group vs. COUNTERCLOCKWISE ROTATION QRS Vector Group t 


Clockwise Rotation QRS Vector Group 


GO 
* 


> 


nh 


Counterclockwise Rotation QRS Vector Group 


44.8 | 12.01 
4.25 

10.90 

4.63 
1.11 


INI 


= 

* 
soe 


0.966 0.054 | 0.225 
non sig. non sig. non sig. non sig. 


tCode in Table III. 
Statistical significance evaluated by the t-test: *P; 0.05 


930 
QRS T 
H° v° MAG. H° v° MAG. 
MR M | 42.3 6.63 53.2 56.5 3.93 | 74.3 
8.D. | 26.2 8.80 0.3 14.5 1.73 | 19.2 
IN M 32.8 8.30 0.2 55.7 3.17 | 74.7 
8.D. 16.6 3.27 6.1 19.7 1.48 | 21.4 
MA — 9.5 2.17 7.0 | —0.8 —0.76 0.4 
S.D. of A S| 12.7 8.1 12.6 — 17.3 
tnt 1.833 | 2.1m | 0.161 0.045 
| 
MR M 14 | 4.16 36.4 
§.D. 10 1.33 11.2 
IN M 4 3.76 43.5 
8.D. 12 2.21 9.8 
MA —9 0.40 7.13 
S.D. of A 7 _— 10.7 
te. 3 1.881 
Py non sig. 
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Having data both for mean and for maximum vectors in the SVEC III lead 
system, it becomes possible to compare these directly. The differences found can 
be ascribed to the different segments of the loop represented in the mean and 
maximum vectors, which is illustrated in Figs. 6 and 7 for subject R.]. 

Table IX lists for each of the 4 subjects the extreme angular positions of 
vectorial axes found among any of the different lead systems and identifies that 
system giving these extreme values. The differences in MR position and in the 
changes from MR to IN (A1) are tremendous, more so for H® than for V°. In 
3 of the 4 subjects, the Wilson-Burch lead system (g) shows the extreme forward 
orientation of QRS-H®° in MR and Al, and the Briller system (h) shows the ex- 
treme values of inspiratory posterior rotation of T-H® in all 4 subjects. This is 
opposite in direction to the other systems. 

System g also shows the smallest dA° in A1 in 3 subjects, and is opposite in 
direction to the other systems (a decrease instead of increase). System 7 (Frank) 
shows the largest dA®° (an increase) in 2 subjects. 


Part 3: Quantitatively Fractionated Respiratory Effects.— 

The material presented thus far, as well as that in all previous studies, is 
qualitative in the sense that the volume of the respiratory changes was not con- 
trolled. This may account for a large part of the individual differences, since 
the maximal inspiration or expiration depends on individual cooperation and vital 
capacity. 

TaBLE IX. EXTREMES OF THE VECTORIAL ANGLES IN M1pD-REsPIRATION (MR) AND CHANGES 


FroM MID-RESPIRATION TO INSPIRATION (Al) IN 4 SUBJECTS, RECORDED 
WitH 8 DIFFERENT LEAD SysTEMS 


SUBJECT ANT. ° | uP. N ANT. NF. LARGE | SMALL 


40 | —14 84 
a h h 


38 | -27 | 49 


| A.M. 
| System 


C.R. 
System | 


| M.B. 
| System | 


R.J. 


System 


on RA ROS RS 


| A.M. 
System 


| C.R. 
| System 


M.B. | | oO | 
| System | i | e,d,g| 


R.J. | 4 | —40 | 
System | a | h | 
| | | | 


Lead system code letters identified in Table VIII. 


ITEM QRS-H® QRS-v° T-H® T-v° da° 
| —44 86 62 Po 66 70 9 
d a d d,f a h 
— 66 46 10 ee 20 45 11 
d ce | a 1 y) d i h 
MR 
—44 60 24 42 4 73 40 49 15 
d e d a f | f d a e 
| | —37 72 23 42 |-11 | 76 40 57 10 
Fe g | e | a a | d c | a b d 
P| | +10 | —22 0 —28 21 — 7 7 —12 27 — 6 
g d i a d h c d e g 
+46 —48 18 — 34 72 —37 | 16 —10 61 1 
g | i d h d h d a i a 
Al 
—18 28 | — 6 17 — 4 32 0 
f a h d g i g 
| 
43 — 20 6  —35 39 —16 
b h e g b g 
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Fig. 8.—Fractionated respiration. The whole range of vital capacity in 1,000 c.c. fractions is shown 
on abscissa. The left column shows the axes of mean QRS and T vectors, constructed for 3 subjects 
(J.G., W.C., and L.R.) from the conventional lead system. In the central and right columns, the con- 
ventional lead system and SVEC III are compared in 2 subjects (O.S. and R.J.). 
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We determined the respiratory changes in 1,000 c.c. fractions over the whole 
range of vital capacity, zero being taken as mid-respiration. Fig. 8 shows the 
vectorial axes as a function of respiratory volume. In the left column are shown 
the results for 3 subjects using the conventional lead system. In the central and 
right columns are the values for 2 subjects (O.S., R.J.), determined with the 
conventional and SVEC III lead system. Subjects L.R. and W.C. have vertical 
hearts and show little change of QRS-V°, but greater changes of QRS-H°. 

The changes do not approach linearity except for QRS-H®° in L.R., and 
T-H?® in O.S., both with the conventional lead system. The pattern of changes 
in the 2 lead systems is very similar for both O.S. and R.J., in spite of consider- 
able absolute differences in some of the items, for instance QRS-H*. As a sig- 
nificant interindividual correlation was found for most items between the 2 lead 
systems, the similarity of the patterns of respiratory changes in the 2 lead sys- 
tems for one individual is not surprising. 

The individual differences of vectorial changes cannot be ascribed merely to 
individual differences in the respiratory volume, as they also appear when sub- 
jects having different vital capacities are compared at the same inspiration or 
expiration volume. It should be noted that the scales for T-H° are positive, 
while those for QRS-H° are negative, indicating opposite direction. 

The results shown in Fig. 8 are also incompatible with anatomic positional 
changes as the sole basis for respiratory vectorial changes. 

Part 4: Respiratory Axis Shifts in Bigeminy.— 

In 4 subjects having ventricular bigeminy with normal regular conducted 
beats, it was possible to record simultaneously, but separately, the respiratory 


TABLE X. CHANGES OF MEAN QRS anp T VEcTORS, RECORDED WITH DIFFERENT LEAD SySTEMs, 
FROM Mip-RESPIRATION TO DEEP INSPIRATION, IN REGULAR AND 
PREMATURE VENTRICULAR BEATS 


SUBJECT | LEAD SYSTEM 


(mm.)| da 


Conventional | regular 
premature 
SVEC II b regular 
premature 
SVEC III regular 
premature 


Conventional | regular 
premature 


SVEC III regular 
premature 


SVEC III regular 
premature 


936 
QRS T 
BEA 
MAG. MAG. 
n° v° (mm.) H° v° 
R.L. = | | 21 | 22 
| Si § | 1 
G.B. 4 0.6 8 
H.N.R. § | 0.1 -—18 0.1 —19 
- 6 | —42 | —1.0 18 16 0.5 25 
-2i 0 0 0 0 
0.9 6 7 1=-1.6| 
H.R. 12 | —2.8 | 16 
—16 7 6 0.3 2 
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changes of mean QRS and T vectors in the regular and in the premature ven- 
tricular beats. Markedly different respiratory effects were seen between regular 
and premature beats in all subjects in each of the 3 lead systems used in this 
series (Table X). We must stress the large respiratory differences between regu- 
lar and premature beats of the vector magnitude and dA°® in the presumably 
correct lead system SVEC III where these items should be independent of 
position. The changes of QRS-Mag. between regular and premature beats are 
opposite in direction in 3 of the 4 subjects, G.B., H.N.R., and H.R. In the 
the total of 6 comparisons, 5 show opposite directional changes of dA°: the dA® 
of the regular beats tending to increase, that of the premature ventricular beats 
tending to decrease with deep inspiration. We must think that the discrepancies 
between regular and premature beats in the respiratory changes of mean QRS and 
T vectors cannot be adequately explained on the basis of positional changes. 


DISCUSSION 


In contrast to the generally accepted opinion, the electrocardiographic 
changes associated with respiration cannot be explained by positional changes 
alone. In many subjects the vectorial changes are too large, particularly in the 
horizontal plane; the azimuth (H°) of QRS and that of T move in different direc- 
tions. Although the elevational changes of QRS-V° and T-V° are concordant, 
their extents are very different. Changes of vector magnitude and dA®° which 
are position independent are frequently found, and individual differences also 
appear at the same volume of inspiration or expiration. The vectorial shifts 
with changing respiratory volume are not, in general, linear. 

The vectorial respiratory changes of regular and premature ventricular 
beats are markedly different, and changes of the loops produced in maximum 
inspiration influence the mid-respiratory patterns for many seconds after return 
from inspiration. An interesting parallel to these persistent changes is found in 
Mayerson’s®® observations on electrocardiographic changes produced by tilting 
from supine to upright position. These, too, can hardly be explained by positional 
changes alone. 

Although vagal effects on the ventricular complexes are slight or absent in 
animal experiments, this possibility, we felt, should not be ruled out. In explora- 
tory experiments on 2 subjects, however, atropine did not affect the respiratory 
vectorial changes. Hemodynamic factors are probably involved, but the detailed 
mechanism needs further exploration. It is anticipated that investigation of a 
substantial number of patients with established cardiac pathology types may 
contribute to elucidation of the mechanisms involved. Such a series is in-progress. 

Certainly, the respiratory position should be considered in the ordinary 
electrocardiographic routine. The range of angular axis position found in nor- 
mals in mid-respiratory position is so large (127.5°)?? that this item does not lend 
itself well to differentiation between “‘normal’’ and abnormal subjects. In deep 
inspiration there is a much narrower axis range, so that even a moderate axis 
shift in abnormals could be of diagnostic significance. 

The differences of initial vector directions and magnitudes, as well as the 
shifts associated with respiratory changes for different lead systems, are sur- 


938 SIMONSON, NAKAGAWA, AND SCHMITT eg 


prisingly large. These effects are presumably due to differential distortion of the 
various leads in recording contributions from different parts of the heart. 

The differences in loop configurations for various lead systems on the same 
individuals were demonstrated in Fig. 7. It is important that the large differences 
are apparent not only in mid-respiration, but also in the intraindividual respira- 
tory changes. In former studies we found significant correlations, in spite of 
significant differences, between vectors obtained from the conventional and from 
the SVEC II lead systems.” In this series we found this also to be true for the 
SVEC III system. It is not obvious that this correlation would also exist for 
other lead systems and, consequently, this relationship for various other lead 
systems needs experimental confirmation. It is understandable that appreciably 
different vector values will be found by mean vector and by maximal vector 
measurements even on identical subject data taken with identical leads, for 
somewhat different segments of the loops will establish the vector directions and 
magnitudes in the two cases. 

The results stress the need for lead system standardization in vectorcardiog- 
raphy: without such standardization, confusion and conflicting results are in- 
evitable. We must not, however, hide real defects in lead system performance by 


mere arbitrary standardization. 


SUMMARY 


1. In 38 normal men, there was a statistically hignly significant inspiratory 
backward rotation of the mean ORS vector and forward rotation of the T vector 
as constructed from conventional leads with a mechanical vector analyzer, and 
opposite, though smaller, changes in maximal expiration. 

2. The downward movement of the mean QRS vector in maximal inspira- 
tion exceeded that of the T vector. 

3. The average respiratory changes of the vector magnitudes were statis- 
tically not significant, but in some subjects the changes were large. 

4. The angle between the spatial QRS and T vectors increased significantly 
in inspiration. 

5. There was a significant correlation between mid-respiratory position and 
respiratory changes in the elevation, but not in the azimuth of the vectors. 

6. Age was not found to affect the respiratory vectorial changes. 

7. The respiratory changes of mean QRS and T vectors, constructed from 
the conventional leads and from the electrically orthogonal X, Y, Z leads of the 
SVEC III system, in 22 men, were in the same direction but different in extent. 
The interindividual variability was large in both lead systems. 

8. In 4 men, the respiratory changes of spatial QRS and T loops were 
oscillographically recorded with 7 different lead systems (SVEC Ila, SVEC III, 
Briller, Duchosal, Frank, Grishman, and Wilson-Burch). 

9. Discrepancies between respiratory changes of QRS and T vectors were 
noted in all lead systems investigated. Changes of spatial loop configurations 
were also seen in all systems. 

10. The differences of vector orientation and magnitude between the several 
lead systems, both in regard to the initial mid-respiratory position and to the 
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respiratory changes, in each of the subjects, were tremendous, the extremes 
exceeding the biologic variability. One lead system (Wilson-Burch) showed a 
change of the ORS vector opposite in direction to that in all other lead systems. 

11. In 5 subjects, the spatial vectors were studied over the whole range of 
vital capacity in fractionated respiration. It was proved that variations in vital 
capacity do not account for the large interindividual differences that were found. 

12. In 4 patients with ventricular bigeminy, the vectorial respiratory 
changes of the normal regular and the premature ventricular beats were different. 

13. The experimental results cannot be explained adequately on the basis 
of anatomic respiratory changes alone. 
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MITRAL REGURGITATION DUE TO RUPTURED CHORDAE 
TENDINEAE CORRECTION BY “MITRAL PURSE-STRING’” 


Jutio C. Davita, M.D., RoBert H. Kyte, M.D.,* AND RoBert P. GLover, M.D. 


PHILADELPHIA, PA. 


N A group of 43 consecutive patients studied with a view towards surgery for 

correction of mitral insufficiency, 4 were found to have ruptured chordae 
tendineae. Two of these did not have surgical intervention and died. The third 
was a case with rheumatic heart disease resulting in the rupture of two chordae 
tendineae. Inversion of the wall of the atrium to enhance approximation of the 
valve cusps in the region of the posteromedial commissure with a mattress suture 
was attempted unsuccessfully elsewhere. A second operation was performed in 
this hospital but uncontrollable hemorrhage and cardiac arrest resulted in the 
death of the patient. Necropsies were performed in these 3 cases and the speci- 
mens were studied on the pulse duplicator.! 


TABLE I. ROENTGENOGRAPHIC ANALYSIS OF CARDIAC CHAMBER SIZE* 
(COMPARISON OF PREOPERATIVE AND POSTOPERATIVE FINDINGS) 


3 MO. 9 MO. 
PREOPERATIVELY POSTOPERATIVELY POSTOPERATIVELY 


Pulmonary Artery 

Branch Vessels 

Aorta 

Right Atrium 

Right Ventricle 

Left Atrium 

Left Ventricle 

Perimeter adjusted to mirror the 
volume (in arbitrary units) 


*Based on grading of 1 to 4. 
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The fourth case was that of J. S., a 55-year-old sheet metal worker who entered the hospital 
complaining of dyspnea. He said that he was born with a heart condition and had received treat- 
ment for many years. He had no knowledge of rheumatic or scarlet fever. In October 1955, 
congestive failure manifested itself by the onset of edema and cough. In January 1956, he devel- 
oped hemoptysis and complete intolerance of exertion requiring hospitalization. It became 
increasingly difficult to maintain him in comfort and out of failure on a regimen of digitalis, 
mercurials, salt-free diet, and rest. When he was referred for surgical evaluation he was totally 
incapacitated by intractable congestive failure. 

On physical examination he was afebrile, had a blood pressure of 150/100 mm. Hg, and was 
in atrial fibrillation with an apical rate of 80 to 90 per minute. The heart was markedly enlarged to 


TABLE II. HeEMopyNAMIC DATA 
(COMPARISON OF PREOPERATIVE AND POSTOPERATIVE FINDINGS) 


3 MO. PREOPERATIVELY 9 MO. POSTOPERATIVELY 
(APRIL 27, 1956) (FEB. 26, 1957) 
WEIGHT—134 LBs. WEIGHT—153 LBs. 


PRESSURES 
(MM. Hg) O2 VOL. % 


PVC | 
rest | 60/20 (29.8) | 40/14 (23) 
exercise | ° 60/20 (38) 


P.A. | 
rest | 64/32 (49) | 50/25 (33) | 
exercis¢ 72/35 (50.7) 


RV. 68/8(29.7) | 8.84 | 50/4 (24.8) 


R.A. | 13.5/10 (12.5) ; 12/6 (8.6) 


Arterial 
rest 116/74 (femoral) 16.49 148/84 (brachial) 18.81 
(90% sat.) (93% sat.) 
exercise ” 160/88 (brachial) 18.15 
(90% sat.) 


Cardiac Output 
rest 2.05 L./min. 3.91 L./min. 
exercise 9+ L./min. 

Pulmonary Vascular 
Resistance 1,760 dynes/sec./cm.* 680 dynes/sec./cm.* 

A-V Oz diff. at rest 7.14 — 7.57 4.57 


Left Atrial Puncture 
(transbronchial) 85/22 (35) 60.20 (28) 


Direct Puncture at Surgery 
BEFORE 


L.A. 78/16 
L.V. 108/16 120/5 


End-diastolic 12 6 
Aorta 108/68 120/80 


Figures in parentheses are mean pressures. 
*Exercise test not deemed advisable in view of patient’s condition. 


(MM. Hg) Oz VOL. % 
13.24 
11.41 
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the left with the apex in the seventh intercostal space at the anterior axillary line. There was 
a Grade 4 apical systolic murmur which was transmitted over the entire precordium and towards 
the axilla. An opening mitral snap and a systolic thrust and thrill were also appreciated at the 
apex. The pulmonary second sound was greatly accentuated. There were moist rales in the 
right base. The liver was enlarged 4 fingerbreadths below the costal margin, nontender and firm. 
The spleen was similarly enlarged 1 fingerbreadth. He had 1 plus pitting edema of the ex- 
tremities. 

Routine laboratory examination revealed only a mild anemia with a hemoglobin of 12.8 Gm. 
Roentgen examination revealed a “mitral”’ configuration of the heart with enlargement of all 
the cardiac chambers (Table I and Fig. 1). The electrocardiogram showed combined ventricular 
hypertrophy and strain as well as digitalis effect. Right heart catheterization and transbronchial 
left atrial puncture revealed the data given in Table II and Fig. 2. 

On June 5, 1956, at operation, the following findings were noted. The left atrium was enlarged 
4 plus, being almost aneurysmal. The right ventricle, pulmonary artery, and pulmonary veins 
were enlarged 3 plus, while the left ventricle was enlarged 2 plus. There was a very prominent 
systolic thrill over the left atrium, pulmonary veins, and even into the lung substance. Upon 
digital examination through the left atrial appendage, massive regurgitation was found through- 
out the length of the valve orifice. Very little of the mural leaflet remained. This structure was 
contracted but retained a little pliabiiity. The aortic leaflet was somewhat contracted and tense 
but retained considerable pliability. One or two of the chordae tendineae of the medial side of 
the aortic leaflet of the mitral valve were ruptured and this portion of the leaflet was flailing in 
the blood stream during both systole and diastole. The mitral ring was dilated to about 5 finger- 
breadths and the effective mitral orifice was about 3 fingerbreadths wide. No calcification was 
evident. The chordae tendineae were short and thick. Intracardiac pressures measured by direct 
puncture are given in Table IT. 


Fig. 2.—Left atrial pressure pulse tracings. A, Transbronchial puncture 3 months preoperatively. 
B, At surgery before correction. C, At surgery after correction. D, Transbronchial puncture 3 months 


postoperatively. 


In veiw of the above findings, mitral circumferential suture?*:* was undertaken. As the 
“‘purse-string’’ was slowly tied down, the mural and aortic leaflets could be felt to coapt. The 
mitral ring was brought down to a diameter of about 3 fingerbreadths while the effective orifice 
remained unaffected. The aortic leaflet could now be felt to coapt with the mural leaflet and 
perhaps overlap a little. Although a regurgitant jet was still palpable, this was greatly diminished 
in magnitude and localized to the central portion of the valve. The previously tense and distended 
left atrium was now quite flaccid. It was only with difficulty that a faint systolic thrill could be 
appreciated over the posterolateral aspect of the atrium. Direct intracardiac pressure measure- 
ments were repeated (Table IT). 

The postoperative convalescence was uneventful. Three months later he was clinically much 
improved. He could climb stairs and walk 4 blocks without dyspnea. He did have occasional 
mild ankle swelling. There was a Grade 2 to 3 systolic murmur over the mitral area which was 
transmitted faintly to the axilla. Roentgen examination showed diminution in the size of the 
heart. The changes are noted in Fig. 1 and Table I. In the electrocardiogram the left ventricular 
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leads showed increased voltage, a little further depression of the S-T segment, and consistently 
negative T waves, persistent left ventricular hypertrophy, and somewhat increased left ventricular 
strain. The transbronchial left atrial pressure at this time had increased but remained consid- 
erably below the preoperative value (Table II and Fig. 2). 


Nine months after operation the patient was called back for further examination and study. 
He stated that he had been well. He gained 19 pounds. No dyspnea or orthopnea were noted. 
One month before this interview, at a party, he was able to climb 3 flights of stairs twice without 
dyspnea. No history of ankle edema was elicited. The diminution in cardiac size on roentgeno- 
grams had persisted (Fig. 1 and Table I)., The electrocardiogram showed better voltage in all 
leads, definitely less evidence of left ventricular hypertrophy and strain than in the tracing made 
3 months postoperatively and possibly a little better than in the preoperative tracing. Right 
heart catheterization was performed and the findings are summarized in Table II. 


The rather remarkable clinical improvement in this previously intractable 
case is substantiated, by the hemodynamic data. In this regard the following 
points are of particular interest: increased cardiac output with notably marked 
increase during exercise; decreased pulmonary vascular and arterial oxygen 
saturation at rest; rise in arterial systolic and diastolic pressure; and decrease in 
all right heart pressures. 

Although 58 cases with mitral regurgitation resulting from rupture of cardiac 
papillary muscle or chordae tendineae have been reported in the medical litera- 
ture,>'* none were treated surgically. In all but a few the lesion was fatal with- 
in hours. An occasional patient survived several months. The most common 
etiology was myocardial infarction; however, endocarditis, sepsis, syphilis, and 
periarteritis accounted for some. 

In only 1 of the 4 patients mentioned in this report was the etiology of the 
lesion clearly apparent. This man had subacute bacterial endocarditis 9 months 
before his death. One patient, the third case noted, had a history of rheumatic 
fever. In the others, none of the available information suggested the etiology of 
the rupture of the chordae. 

The rapid and dramatic succession of events following onset of this lesion 
is well known. In those cases in which myocardial infarction is the cause of 
papillary muscle rupture, the acute and extensive myocardial injury probably 
renders surgical intervention of value in few, if any, instances. On the other 
hand, in those in whom endocarditis, whether rheumatic or bacterial, causes 
rupture of the chordae, surgery may be lifesaving. 

That this type of mitral regurgitation can be corrected by circumferential 
suture of the mitral annulus has been shown in the case here presented. Further 
conclusive evidence of this is the demonstration of the mechanical efficacy of 
this technique in the 3 post-mortem specimens of the other cases. These were 
studied on the pulse duplicator. Cinematographic records of the action of the 
valves before and after the purse-string operation are reproduced in Fig. 3. 


SUMMARY 


Four cases of mitral insufficiency due to ruptured chordae tendineae have 
been seen in a group of 43 patients studied. 
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One case in which surgical correction led to an excellent clinical result is 
presented with objective data to substantiate the clinical impression. 
Three specimens were studied on the pulse duplicator, showing the mechani- 


cal efficacy of the technique. 
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Announcements 


THE ALBERT EINSTEIN MEDICAL CENTER will conduct a Post-GRADUATE COURSE IN ADVANCED 
ELECTROCARDIOGRAPHY at the Southern Division, Fifth and Reed Sts., Philadelphia 47, Pa., 
beginning Feb. 19, 1958. The course will consist of a total of 30 hours of instruction divided into 
10 sessions of 3 hours each. The sessions will be held on consecutive Wednesdays from 2 to 5 
P.M. The fee for the course is $50. 


The ELEVENTH ANNUAL MEETING of the WESTERN SOCIETY FOR CLINICAL RESEARCH will 
be held Thursday afternoon and Friday and Saturday mornings, Jan. 30 through Feb. 1, 1958, 
at Carmel-by-the-Sea, California. 

Information regarding the meeting may be obtained from Arthur J. Seaman, M.D., Secre- 
tary-Treasurer, Western Society for Clinical Research, University of Oregon Medical School, 
Portland 1, Oregon. 
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fect, congenital valvular stenosis of 
(Horlick and Merriman), 615 
septal defect, congenital (Berreta et al.), 548 
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aortic stenosis (Rosenberg et al.), 118 
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defects complicated by pulmonary hyper- 
tension, reduction of cardiac output 
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report of case with unusual ortho- 
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node (Scherf et al.), 264 


956 


SUBJECT INDEX 
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static effects ( Kreisle and Kreisle), 308 

conduction, 1:1, corrected by mitral commis- 
surotomy, atrial flutter with (Willis 
and Steele), 638 
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influence of limbs on (Honig and Tenney), 
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of morphine-barbiturate anesthesia, 
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Beriberi, prolonged myocardial disease due to, 
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Bio-assay techniques, human, comparative 


potency of mercurial diuretics using | 


(Ford et al.), 887 
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orthostatic effects (Kreisle and Kreisle), 
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bundle branch, left, Wolff-Parkinson-White | 


complexes alternating with (Bauer), 
452 
significance of relation of QRS and T 
waves in: 
sign (Henry et al.), 407 
2:1 exit, paroxysmal tachycardia with (Cal- 
vino et al.), 444 
Blockage, mechanical, evidence, including in 
vivo, observations, suggesting, rather 
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(Knisely et al.), 483 


Blood flow, experimental study of, in neuro- | 
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singer et al.), 106 
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inhibition (Taquini et al.), 319 
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nale (Taquini et al.), 319 

Cardiac arrhythmia, repeated, during ether 
anesthesia (Gold and Smith), 448 

contusion caused by use of jackhammer 
(Chapman and McEachen), 625 

cycle, pressure events of, in dog: aortic 
valve lesions (Moscovi itz and Wilder), 
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dilatation and hypertrophy (Kerr), 23 

failure and mitral stenosis, effects of acetyl 
strophanthidin on pulmonary circu- 
lation in patients with (VIII); studies 
of pulmonary hypertension (Yu et al.), 
235 

injury presumably due to use of external 
electric cardiac pacemaker in Stokes- 
Adams disease ( Reiff et al.), 437 

muscle, damaged or injured, electrical mani- 
festations observed in. Experimental 
study (Alzamora-Castro et al.), 254 

human, nucleotide levels in (Burdette), 746 

output, reduction of, by ligation of inferior 
vena cava in patients with atrial sep- 
tal defects complicated by pulmonary 
hypertension (Bruce et al.), 152 

pacemaker, electric, external, cardiac injury 
presumably due to use of, in Stokes- 
Adams disease (Reiff et al.), 437 

patients, ambulatory, Diamox (acetazole- 
amide) as oral diuretic in (Braveman 
et al.), 284 

surgery, open, indications and contraindi- 
cations for (Zimmerman et al.), 727 


| Cardiogenic shock (Agress and Binder), 458 


Cardiopathies congénitales, 640 (B. Rev.) 
Cardiovalvular disease, rheumatic, chronic, 
electrocardiographic patterns simu- 
lating coronary occlusion in patients 
with (Master et al.), 50 
sounds, high sensitivity pickup for (Groom 
and Sihvonen), 592 
Catheterization, clinical and, findings, sum- 
mary of, in 50 cases of ventricular 
septal defect (Table I) (Hubbard et 
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heart, left, base line for (Roy et al.), 753 
left or right heart, simple methods for record- 
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and phonocardiograms during (Lui- 
sada and Liu), 531 
of coronary arteries of intact dog (Horvath 
et al.), 138 
of heart and large vessels, on methods and 
complications in, with and without 
contrast injection (Bagger et al.), 766 
right heart, contributions of, to physiology 
and medicine, with some observations 
on physiopathology of pulmonary 
heart disease (Richards), 161 
Central shunts, diagnosis of, from abnormalities 
of peripheral dye dilution curves 
(Wiederhielm and Bruce), 205 
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Central shunts, diagnosis of—Cont'd 
terminal error, Wilson's false right ventricu- 
lar hypertrophy pattern due to (Os- 
borne and Dower), 722 
Chest deformity in children with congenital 
heart disease (Maxwell), 368 
Child, young, electrocardiographic changes re- 
sembling myocardial infarction in 
(Doherty and Dodd), 782 
Children, adrenal function in infants and, 159 
(B. Rev.) 
with congenital heart disease, chest deform- 
ity in (Maxwell), 368 
Chlorpromazine, diuretic effect of, in patients 
with congestive heart failure (Cohen), 
907 
Chordae tendineae, ruptured, correction by 
“mitral purse-string,”” mitral regurgi- 
tation due to ( Davila et al.), 940 
Circuit, switching, for three-plane stereovector- 
cardiography (Helm), 602 
Circulation, interrelations between ventilation 
and (Attinger), 837 
pulmonary, and renal function, effect of 
single intravenous dose of Scillaren B 
on, in patients with rheumatic heart 
disease (Bucht et al.), 376 
effects of acetyl strophanthidin on, in pa- 
tients with cardiac failure and mitral 
stenosis (VIII); studies of pulmonary 
hypertension (Yu et al.), 235 
its control in man, with some remarks on 
methodology (Cournand), 172 
Circulatory effects, some, of morphine-barbitu- 
rate anesthesia, artificial respiration, 
and abdominal compression based on 
ballistocardiographic observations on 
dogs (Scarborough), 651 
Collagen diseases, 318 (B. Rev.) 
Commissurotomy, mitral, atrial flutter with 
1:1 A-V conduction corrected by 
(Willis and Steele), 638 
recurrence of tight mitral stenosis syndrome 
after (Soulié et al.), 695 
Complex, depolarization, origin of, with clinical 
applications (X X1); studies on mecha- 
nism of ventricular activity (Pip- 
berger et al.), 511 
ORS, reliability of high voltage of, as diag- 
nostic sign of left ventricular hyper- 
trophy in adults (Grubschmidt and 
Sokolow), 689 


Complexes, QRS, broad, electrocardiographic 
syndrome of short P-R interval and 
(Hejtmancik and Herrmann), 708 

Wolff-Parkinson-White, alternating with left 
bundle branch block (Bauer), 452 

Compression, abdominal, some circulatory ef- 
fects of morphine-barbiturate anes- 
thesia, artificial respiration, and, 
based on ballistocardiographic obser- 
vations on dogs (Scarborough), 651 

Conduction, A-V, 1:1, corrected by mitral com- 
missurotomy, atrial flutter with (Wil- 
lis and Steele), 638 

defects, respiratory electrocardiographic 
changes in presence of (Lamb), 349 


; Conductors, volume, experimental 
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study of 
multiple dipole potentials and effects 
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Congestive heart failure, diuretic effect of 
chlorpromazine in patients with (Co- 
hen), 907 


Contusion, cardiac, caused by use of jack- 
hammer (Chapman and McEachen), 
625 


Cooling, warming and, focus of origin, response 
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et al.), 561 


Cor pulmonale, capillary bed restriction, and 
diffusion insufficiency for oxygen in 
lung, interrelationship between (Luch- 
singer et al.), 106 

sensitivity of respiratory center to carbon 
dioxide in emphysema and: effects of 
carbonic anhydrase inhibition (Ta- 
quini et al.), 319 

Coronary arteries of intact dog, catheterization 

of (Horvath et al.), 138 

artery insufficiency treated by internal mam- 
mary artery implantation, six months’ 
to six years’ experience with (Vine- 
berg and Walker), 851 

left, anomalous (Jurishica), 429 

heart disease, 479 (B. Rev.) 

occlusion, electrocardiographic patterns sim- 
ulating, in patients with chronic rheu- 
matic cardiovalvular disease (Master 
et al.), 50 

shock, experimental (Agress and Binder), 463 

sinus, high output failure following arteriali- 
zation of (Pappas and Likoff), 588 

Coupling of extrasystoles, response of, to 
warming and cooling focus of origin 
(Scherf et al.), 561 

Curve form, Burger triangle in (Zao et al.), 83 

vectorcardiographic, ventricular activation 
and (Sodi-Pallares et al.), 498 
Curves, dilution, dye, peripheral, diagnosis of 


central shunts from abnormalities of 
(Wiederhielm and Bruce), 205 


Cyanosis in Manson’s schistosomiasis (Lopes de 


Faria et al.), 196 


Cycle, cardiac, pressure events of, in dog: 
aortic valve lesions (Moscovitz and 
Wilder), 572 
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Deaf-mutism, congenital, functional heart dis- 
ease with prolongation of Q-T inter- 
val, and sudden death (Jervell and 
Lange-Nielsen), 59 

Death, sudden, congenital deaf-mutism, func- 
tional heart disease with prolongation 
of Q-T interval, and (Jervell and 
Lange-Nielsen), 59 

Defect, septal, atrial, congenital valvular ste- 
nosis of pulmonary and aortic valves 
with (Horlick and Merriman), 615 

Deflections, QS, significance of, in right-sided 
precordial leads: autopsy correlation 
(Richman et al.), 537 
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Depolarization complex, origin of, with clinical | 
application (XXI); studies on mech- | 
anism of ventricular activity (Pip- 


berger et al.), 511 


Diamox (acetazoleamide) as oral diuretic in | 
ambulatory cardiac patients (Brave- 


man et al.), 284 
Diffusion insufficiency for oxygen in lung, inter- 
relationship between cor pulmonale 
capillary bed restriction and (Luch- 
singer et al.), 106 
role of, in mitral valvuloplasty 


Digitalis, 
(Burack et al.), 863 


Dilatation, cardiac, and h trophy (Kerr), 23 | 
| Electrocardiography in experimental athero- 


Dilution curves, dye, peripheral, diagnosis of 


central shunts from abnormalities of | 


(Wiederhielm and Bruce), 205 
Dipole potentials, multiple, experimental study 


of, and effects of inhomogeneities in | 


volume conductors (Okada), 567 
Diuretic effect of chlorpromazine in patients 
hoy congestive heart failure (Cohen), 
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oral, Diamox (acetazoleamide) as, in ambula- 
tory cardiac patients (Braveman et 
al.), 284 


Diuretics, mercurial, comparative potency of, 


using human bio-assay techniques | 


(Ford et al.), 887 

Dog, intact, catheterization of coronary ar- 
teries of (Horvath et al.), 138 

Dye dilution curves, peripheral, diagnosis of 
central shunts from abnormalities of 
(Wiederhielm and Bruce), 205 
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Echography, visualization of excised human | 


heart by means of reflected ultra- 
sound or (Wild et al.), 903 


Editorial, 1, 481, 641 


Enzyme, 
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Electrocardiographic changes—Cont’d 

observations on ten subjects at sea level and 
during one year of residence at high 
altitudes (Pefialoza and Echevarria), 
811 

patterns simulating coronary occlusion™ in 
patients with chronic rheumatic car- 
diovalvular disease (Master et al.), 50 

sign, useful; significance of relation of QRS 
and T waves in bundle branch block 
(Henry et al.), 407 

syndrome of short P-R interval and broad 
QRS complexes (Hejtmancik and 
Herrmann), 708 


sclerosis and hypertension (Franco), 
69 


| Electrolytes, effects on renal hemodynamics and 


excretion of water and; Pyribenza- 
mine (tripelennamine) (Moyer et al.), 
643 
Embolization, pulmonary, evidence, including 
in vivo observations, suggesting me- 
chanical blockage rather than reflex 
vasospasm as cause of death in 
(Knisely et al.), 483 
Emphysema and cor pulmonale, sensitivity of 
respiratory center to carbon dioxide 
in: effects of carbonic anhydrase in- 
hibition (Taquini et al.), 319 
pulmonary, 478 (B. Rev.) 
expression of; T-a wave of adult electro- 
cardiogram (Wasserburger et al.), 875 
Endocrinology, clinical, atlas of, 479 (B. Rev.) 
serum, alterations associated with 
myocardial infarction, clinical signifi- 
cance of (Wréblewski), 219 
human heart, visualization of, by 
means of reflected ultrasound or 
echography (Wild et al.), 903 


Excised 


| Excretion of water and electrolytes, effects on 


Electric cardiac pacemaker, external, cardiac | 


injury presumably due to use of, in 
Stokes-Adams disease (Reiff et al.), 
437 

Electrical manifestations observed in damaged 
or injured cardiac muscle. Experi- 


mental study (Alzamora-Castro et | 


al.), 254 


Electrocardiogram, adult, T-a wave of: expres- | 


sion of (Was- 
serburger et al.), 8 

effects of respiration on, in caihieion to differ- 
ences in right and left ventricular 
stroke volume (Lamb), 342 


renal hemodynamics and; Pyribenza- 
mine (tripelennamine) (Moyer et al.), 
643 


Exercise stress test, 2-step, electrocardiogram 


of (Manning), 823 

Extrasystoles, response of coupling of, to warm- 
ing and cooling focus of origin (Scherf 
et al.), 561 

Eyster’s experiments; cardiac dilatation and 
hypertrophy (Kerr), 23 


F 


| Failure, cardiac, and mitral stenosis, effects of 


of 2-step exercise stress test (Manning), 823 | 


Electrocardiograms and phonocardiograms, in- 
tracardiac, simple method for record- 


ing, during left or right heart catheter- | 


ization (Luisada and Liu), 531 


Electrocardiographic changes, 
and (Bloom and Gubbay), 915 
resembling myocardial infarction in young 
child (Doherty and Dodd), 782 
respiratory, in presence of conduction de- | 
fects (Lamb), 349 


hiatus hernia | 


acetyl strophanthidin on pulmonary 
circulation in patients- with (VIII); 
studies of pulmonary hypertension 
(Yu et al.), 235 
congestive, diuretic effect of chlor- 
+ ia in patients with (Cohen), 
refractory, peripheral A-V fistula of fifty- 
— years’ duration with (Dorney), 
8 
high output, following arterialization of coro- 
nary sinus (Pappas and Likoff), 588 
Fatigue, effect of sedation on abnormal ballisto- 
cardiogram of (Hakim et al.), 894 


heart, 


960 


Fibrillation, atrial, chronic, combined quinidine 
and procaine amide treatment of 
(Goldman), 742 

in syphilitic aortic insufficiency (Smith and 
Stern), 280 

Fistula, A-V, peripheral, of fifty-seven years’ 

duration with refractory heart failure 

(Dorney), 778 

arteriovenous, schistosomatic, 
monary, role of; cyanosis in Manson’s 
schistosomiasis (Lopes de Faria et al.), 

196 

Fluoroscopy, clinical, fundamentals of, 799 
(B. Rev.) 


Fistulas, 


Flutter, atrial, with 1:1 A-V conduction cor- | 
commissurotomy 


rected by mitral 
(Willis and Steele), 638 

Focus of origin, response of coupling of extra- 
systoles to warming and _ cooling 
(Scherf et al.), 561 

Functional heart disease with prolongation of 
Q-T interval, congenital deaf-mutism, 


and sudden death (Jervell and Lange- | 


Nielsen), 59 
G 


Gallop, ventricular, in mitral stenosis. Its 
mechanism and significance (Contro), 
246 

Glomerular ultrafiltration, protoplasmic basis 

of (Hall), 1 

vessels, corrected transposition of 

(Schaefer and Rudolph), 610 

radiology of heart and, 160 (B. Rev.) 


H 
Heart and great vessels, radiology of, 160 


(B. Rev.) 


and large vessels, on methods and complica- 


Great 


tions in catheterization of, with and | 


without contrast injection (Bagger 
et al.), 766 
catheterization, right, contributions of, to 
physiology and medicine, with some 
observations on physiopathology of 
pulmonary heart disease (Richards) 
161 
disease, congenital, and acute myocardial 
infarction (Vesell), 300 
chest deformity in children with (Max- 
well), 368 
coronary, 479 (B. Rev.) 
functional, with prolongation of Q-T in- 


terval, congenital deaf-mutism, and | 
sudden death (Jervell and Lange- 


Nielsen), 59 


pulmonary, contributions of right heart | 


catheterization to physiology and 

medicine, with some observations on 

physiopathology of (Richards), 161 
rheumatic, effect of single intravenous dose 


of Scillaren B on pulmonary circula- | 


tion and renal function in patients 
' with (Bucht et al.), 376 
failure, congestive, diuretic effect of chlor- 
promazine in patients with (Cohen), 
907 
refractory, peripheral A-V fistula of fifty- 


seven years’ duration with (Dorney), 


778 


pul- | 
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Heart and great vessels—Cont'd 
human, excised, visualization of, by means 
of reflected ultrasound or echography 
(Wild et al.), 903 
importance of shape and size of (Burton), 801 
left, — base line for (Roy et al.), 
53 
or right, catheterization, simple methods 
for recording intracardiac electro- 
cardiograms and phonocardiograms 
during (Luisada and Liu), 531 
load and efficiency of (Burton), 807 
rate and level of blood pressure (Burton), 809 
sound, first, factors influencing time of onset 
of, in normal subjects (Strober et al.), 
684 
Hemodynamic changes; clinical coronary shock 
(Agress and Binder), 468 
effects of Hufnagel valve, with note on; quan- 
titative ballistocardiography in aortic 
insufficiency (Honig and Tenney), 98 
study, clinical and; pulmonic valvular insuf- 
ficiency (Angelino et al.), 182 
Hemodynamics, renal, and excretion of water 
and electrolytes, effects on; Pyriben- 
zamine (tripelennamine) (Moyer et 
al.), 643 
Hemorrhagic pericarditis, pleurisy, and pneu- 
monia complicating recent myocardial 
infarction (Dressler et al.), 42 
shock, experimental study of blood flow in 
neurogenic hypotension and (Roe and 
Bacon), 580 
Hepatic portion of inferior vena cava, congeni- 
tal absence of (Grover et al.), 794 
Hernia, hiatus, and electrocardiographic 
changes (Bloom and Gubbay), 915 
Hiatus hernia and electrocardiographic changes 
(Bloom and Gubbay), 915 
High altitudes, electrocardiographic observa- 
tions on ten subjects at sea level and 
during one year of residence at (Pefia- 
loza and Echevarria), 811 
voltage of QRS complex, reliability of, as 
diagnostic sign of left ventricular 
hypertrophy in adults (Grubschmidt 
and Sokolow), 689 
Hufnagel valve, with note on hemodynamic 
effects of; quantitative ballistocardi- 
ography in aortic insufficiency (Honig 
and Tenney), 98 
bio-assay techniques, comparative 
potency of mercurial diuretics using 
(Ford et al.), 887 
heart, excised, visualization of, by means of 
reflected ultrasound or echography 
(Wild et al.), 903 
Hypercholesterolemia, TsE loop in (Karni), 269 
Hypertension, electrocardiography in experi- 
mental atherosclerosis and (Franco), 69 
pulmonary, reduction of cardiac output by 
ligation of inferior vena cava in 
patients with atrial septal defects 
complicated by (Bruce et al.), 152 
studies of. VIII (Yu et al.), 235 
Hypertrophy, cardiac dilatation and (Kerr), 23 
right ventricular, false, pattern due to Wil- 
son’s central terminal error (Osborne 
and Dower), 722 


Human 
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Hypertrophy—Cont’d 
ventricular, left, reliability of high voltage 

of ORS complex as diagnostic sign of, 
in adults (Grubschmidt and Sokolow), 
689 

Hypotension, neurogenic, and hemorrhagic 
shock, experimental study of blood 
flow in (Roe and Bacon), 580 


I 


Incompetence, aortic, ventricular septal defect 
with, simulating patent ductus arteri- 
osus (Claypool et al.), 788 
Infants and children, adrenal function in, 159 
(B. Rev.) 
Infarction, myocardial, acute, congenital heart 
disease and (Vesell), 300 
diagnostic aids in: clinical and experi- 
mental (Losner et al.), 225 
clinical significance of serum enzyme alter- 
ations associated with (Wrdblewski), 
219 
electrocardiographic changes resembling, 
_ young child (Doherty and Dodd), 
82 
pericarditis complicating (Stein and Wein- 
stein), 146 
recent, hemorrhagic pericarditis, pleurisy, 
and pneumonia complicating (Dress- 
ler et al.), 42 
Inferior vena cava, congenital absence of 
hepatic portion of (Grover et al.), 794 
reduction of cardiac output by ligation 
of, in patients with atrial septal de- 
fects complicated by pulmonary hy- 
pertension (Bruce et al.), 152 
Inhibition, carbonic anhydrase, effects of; sen- 
sitivity of respiratory center to carbon 
dioxide in emphysema and cor pul- 
monale (Taquini et al.), 319 
Inhomogeneities, experimental study of multi- 
ple dipole potentials and effects of, in 
volume conductors (Okada), 567 


Injection, contrast, on methods and complica- 
tions in catheterization of heart and 
large vessels, with and without (Bag- 
ger et al.), 766 

Injury, cardiac, presumably due to use of 
external electric cardiac pacemaker in 
Stokes-Adams disease (Reiff et al.), 
437 

Insufficiency, aortic, quantitative ballistocardi- 
ography (Honig and Tenney), 98 

syphilitic, atrial fibrillation in (Smith and 

Stern), 280 

coronary artery, treated by internal mam- 
mary artery implantation, six months’ 
to six years’ experience with (Vine- 
berg and Walker), 851 ° 

diffusion, for oxygen in lung, interrelation- 
ship between cor pulmonale, capillary 
bed restriction, and (Luchsinger et 
al.), 106 

mitral, confusion of tricuspid. incompetence 
with—pitfall in selection of patients 
for mitral surgery (Schilder and Har- 
vey), 352 
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Insufficiency, aortic—Cont’d 
valvular, pulmonic: clinical and hemody- 

namic study (Angelino et al.), 182 

Interatrial septal defects; indications and con- 
traindications for open cardiac sur- 
gery (Zimmerman et al.), 737 

Interval, P-R, short, and broad QRS com- 
plexes, electrocardiographic syndrome 
of (Hejtmancik and Herrmann), 708 

Interventricular septum, traumatic rupture of 
(De Witte et al.), 628 

Intracardiac electrocardiograms and phono- 
cardiograms, simple method for record- 
ing, during left or right heart catheter- 
ization (Luisada and Liu), 531 

Intravenous dose, single, of Scillaren B, effect 
of, on pulmonary circulation and renal 
function in patients with rheumatic 
heart disease (Bucht et al.), 376 


J 


Jackhammer, cardiac contusion caused by use 


of (Chapman and McEachen), 625 


L 


Laplace, law of (Burton), 802 

Large vessels, on methods and complications 
in catheterization of heart and, with 
and without contrast injection (Bag- 
ger et al.), 766 

Law of Laplace (Burton), 802 

Lead systems, different, respiratory changes 

of spatial vectorcardiogram recorded 

with (Simonson et al.), 919 

orthogonal, scalar presentation 

(Helm), 89 

precordial, right-sided, significance of QS 

deflections in: autopsy correlation 
(Richman et al.), 537 

Lesions, aortic valve; pressure events of cardiac 
cycle in dog (Moscovitz and Wilder), 
572 

Levoposition of pulmonary artery with pulmo- 
nary stenosis; complete transposition 
of aorta (Bret and Torner-Soler), 385 

Ligation of inferior vena cava, reduction of 

cardiac output by, in patients with 

atrial septal defects complicated by 

pulmonary hypertension (Bruce et 

al.), 152 

influence of, on _ ballistocardiogram 

(Honig and Tenney), 678 

Loop, TsE, in hypercholesterolemia (Karni), 
269 


Leads, of 


Limbs, 


Lung, diffusion insufficiency for oxygen in, 
interrelationship between cor pulmo- 
nale, capillary bed restriction, and 
(Luchsinger et al.), 106 


M 


Mammary artery, internal, implantation, six 
months’ to six years’ experience with 
coronary artery insufficiency treated 
by (Vineberg and Walker), 851 

Manson's schistosomiasis, cyanosis in (Lopes de 
Faria et al.), 196 

Manuscripts, selection of, for publication, 481 
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Mechanical blockage, evidence, including in 


vivo observations, suggesting, rather | 


than reflex vasospasm as cause of 
death in pulmonary 


(Knisely et al.), 483 

Medicine, contributions of right heart catheteri- | 
zation to physiology and, with some | 
observations on physiopathology of | 
pulmonary heart disease (Richards), | 
161 


Medizin, 
zeitschrift fiir die, 479 (B. Rev.) 

Mercurial diuretics, comparative potency of, 
using human _ bio-assay 
(Ford et al.), 887 

Methodology, its control in man with some 
remarks on; 


(Cournand), 172 
Mitral commissurotomy, atrial flutter with 1:1 


A-V conduction corrected by (Willis | 


and Steele), 638 

insufficiency, confusion of tricuspid incom- 
petence with—pitfall in selection of 
patients for mitral surgery (Schilder 
and Harvey), 352 

“‘purse-string,”’ mitral regurgitation due to 
ruptured chordae tendineae correc- 
tion by (Davila et al.), 940 

regurgitation due to ruptured chordae tendi- 
neae correction by “mitral purse- 
string” (Davila et al.), 940 

stenosis, effects of acetyl strophanthidin on 
pulmonary circulation in patients with 
cardiac failure and (VIII); studies of 
pulmonary hypertension (Yu et al.), 
235 


syndrome, tight, recurrence of, after com- 
missurotomy (Soulié et al.), 695 
ventricular gallop in. Its mechanism and 
significance (Contro), 246 
valvuloplasty, role of digitalis in (Burack 
et al.), 863 


Morphine-barbiturate anesthesia, artificial res- 
piration, and abdominal compression, 
some circulatory effects of, based on 
ballistocardiographic observations on 
dogs (Scarborough), 651 


Muscle, cardiac, damaged or injured, electrical 
manifestations observed in. Experi- 
mental study (Alzamora-Castro et 
al.), 254 

human, nucleotide levels in (Burdette), 746 


Myocardial disease, prolonged, due to beriberi, 
oy necropsy after 18 years (Jervey), 
1 
infarction, acute, congenital heart disease 
and Vesell), 300 
diagnostic aids in: clinical and experi- 
_ ,mental (Losner et al.), 225 
clinical significance of serum enzyme alter- 
= associated with (Wrdéblewski), 
electrocardiographic changes resembling, 
- young child (Doherty and Dodd), 
pericarditis complicating (Stein and Wein- 
stein), 146 


embolization | 


| Netherlands, 


innere, gesamte, schriftenreihe der | 


techniques | 
| Nobel Prize Lectures, 161, 172 
| Nodal, atrial and, tachycardia, simultaneous 


pulmonary circulation | 
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Myocardial disease—Cont’d 
recent, hemorrhagic pericarditis, pleurisy, 
and pneumonia complicating (Dres- 
sler et al.), 42 
Myocarditis, fatal, following smallpox vacci- 
nation (Dalgaard), 156 


N 

efforts in; standardization of 
phonocardiography (Bekkering and 
Weber), 316 

Neurogenic hypotension and hemorrhagic 


shock, experimental study of blood 
flow in (Roe and Bacon), 580 


(Shmagranoff and Jick), 417 
Node, sinus, atrial vagal escape after crushing 
parts of (Scherf et al.), 264 
Nucleotide levels in human cardiac muscle 
(Burdette), 746 


O 


Occlusion, coronary, electrocardiographic pat- 
terns simulating, in patients with 
chronic rheumatic cardiovascular dis- 
ease (Master et al.), 50 
Orthogonal leads, scalar presentation of 
(Helm), 89 
Orthostatic effects, unusual, report of case with; 
paroxysmal atrial tachycardia with 
A-V block (Kreisle and Kreisle), 308 
cardiac, reduction of, by ligation of 
inferior vena cava in patients with 
atrial septal defects complicated by 
pulmonary hypertension (Bruce et 
al.), 152 

, diffusion insufficiency for, in lung, 
interrelationship between cor pulmo- 
nale, capillary bed restriction and 
(Luchsinger et al.), 106 


Output, 


P 


Pacemaker, cardiac, electric, external, cardiac 
injury presumably due to use of, in 
eae disease (Reiff et al.), 
4 

Paroxysmal atrial tachycardia with A-V block: 
report of case with unusual ortho- 
static effects (Kreisle and Kreisle), 308 

tachycardia with 2:1 exit block (Calvifio 
et al.), 444 

Patent ductus arteriosus, ventricular septal de- 
fect with aortic incompetence simu- 
lating (Claypool et al.), 788 

Pericarditis complicating myocardial infarction 
(Stein and Weinstein), 146 

hemorrhagic, pleurisy, and pneumonia com- 
plicating recent myocardial infarction 
(Dressler et al.), 42 

Peripheral A-V fistula of fifty-seven years’ 
duration with refractory heart failure 
(Dorney), 778 

dye dilution curves, diagnosis of central 
shunts from abnormalities of (Wieder- 
hielm and Bruce), 205 

vascular disorders, 159 (B. Rev.) 
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Phonocardiograms, electrocardiograms and, in- 
tracardiac, simple method for record- 
ing, during left or right heart catheter- 
ization (Luisada and Liu), 531 

Phonocardiography, differential diagnosis by; 
obstructive and relative aortic ste- 
nosis (Aravanis and Luisada), 32 

standardization of (Mannheimer), 314 
efforts in Netherlands (Bekkering and 
Weber), 316 

Physiology and medicine, contributions of right 
heart catheterization to, with some 
observations on physiopathology of 
pulmonary heart disease (Richards), 
161 

Physiopathology of pulmonary heart disease, 
contributions of right heart catheteri- 
zation to physiology and medicine, 
with some observations on (Richards), 
161 


Pickup, high sensitivity, for cardiovascular 
sounds (Groom and Sihvonen), 592 


Pleurisy, hemorrhagic pericarditis, and pneu- 
monia complicating recent myocardial 
infarction (Dressler et al.), 42 


Pneumonia, hemorrhagic pericarditis, pleurisy 
and, complicating recent myocardial 
infarction (Dressler et al.), 42 


Potentials, dipole, multiple, experimental study 
of, and effects of inhomogeneities in 
volume conductors (Okada), 567 


P-R interval, short, and broad QRS com- 
plexes, electrocardiographic syndrome 
of (Hejtmancik and Herrmann), 708 


Precordial leads, right-sided, significance of 
QS deflections in: autopsy correlation 
(Richman et al.), 537 


Pressure, arterial, pulse contour, effect of Pris- 
coline (tolazoline hydrochloride) on, 
in aortic stenosis (Rosenberg et al.), 
118 

events of cardiac cycle in dog: aortic valve 
lesions (Moscovitz and Wilder), 572 


Priscoline (tolazoline hydrochloride), effect of, 
on arterial pressure pulse contour in 
aortic stenosis (Rosenberg et al.), 118 


Procaine amide, quinidine and, combined treat- 
ment of chronic atrial fibrillation 
(Goldman), 742 


Protoplasmic basis of glomerular ultrafiltration 
(Hall), 1 
Publication, selection of manuscripts for, 481 


Pulmonary and aortic valves with atrial septal 
defect, congenital valvular stenosis of 
(Horlick and Merriman), 615 

artery, levoposition of, with pulmonary ste- 
nosis; complete transposition of aorta 
(Bret and Torner-Soler), 385 
transposition of aorta and, with pulmo- 
nary stenosis (Cleland et al.), 10 
circulation and renai function, effect of single 
intravenous dose of Scillaren B on, 
in patients with rheumatic heart dis- 
ease (Bucht et al.), 376 
Its control in man, with some remarks on 
methodology (Cournand), 172 
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Pulmonary and aortic—Cont’d 


embolization, evidence, including in vivo 
observations, suggesting mechanical 
blockage rather than reflex vasospasm 
—— of death in (Knisely et al.), 
emphysema, 478 (B. Rev.) 
expression of; T-a wave of adult electro- 
cardiogram (Wasserburger et al.), 875 
roentgen signs utilized in diagnosis of 
(Table II) (Wasserburger et al.), 876 
heart disease, contributions of right heart 
catheterization of physiology and 
medicine, with some observations on 
physiopathology of (Richards), 161 
hypertension, reduction of cardiac output by 
ligation of inferior vena cava in pa- 
tients with atrial septal defects com- 
plicated by (Bruce et al.), 152 
studies of. VIII (Yu et al.), 235 
schistosomatic arteriovenous fistulas, role of: 
cyanosis in Manson’s schistosomiasis 
(Lopes de Faria et al.), 196 
Pulmonic stenosis; indications and contra- 
indications for open cardiac surgery 
(Zimmerman et al.), 727 
valvular insufficiency: clinical and hemo- 
dynamic study (Angelino et al.), 182 
Pulse contour, arterial pressure, effect of Pris- 
coline (tolazoline hydrochloride) on, 
in — stenosis (Rosenberg et al.), 
11 
venous, clinical value of (Cossio and Buzzi), 


Pyribenzamine (tripelennamine): effects on 
renal hemodynamics and excretion of 
water and electrolytes (Moyer et al.), 
643 

Q 


QRS and T waves, significance of relation of, 
in bundle branch block: useful electro- 
cardiographic sign (Henry et al.), 407 

complex, reliability of high voltage of, as 
diagnostic sign of left ventricular 
hypertrophy in adults (Grubschmidt 
and Sokolow), 689 

complexes, broad, electrocardiographic syn- 
drome of short P-R interval and 
(Hejtmancik and Herrmann), 708 

QS deflections, significance of, in right-sided 
precordial leads: autopsy correlation 
(Richman et al.), 537 

Q-T interval, functional heart disease with pro- 
longation of, congenital deaf-mutism, 
and sudden death (Jervell and Lange- 
Nielsen), 59 

Quantitative ballistocardiography in aortic in- 
sufficiency (Honig and Tenney), 98 

Quinidine and procaine amide, combined treat- 
ment of chronic atrial fibrillation 
(Goldman), 742 


R 


Radiology of heart and great vessels, 160 
(B. Rev.) 
Reciprocal rhythm, double atrial stimulation 
with (Zakopoulos), 291 
reversed (Soloff and Zatuchni), 634 
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Reflected ultrasound or echography, visualiza- 
tion of excised human heart by means 
of (Wild et al.), 903 

Reflex vasospasm, evidence, including in vivo 
observations, suggesting mechanical 
blockage rather than, as cause of 
death in pulmonary embolization 
(Knisely et al.), 483 

Refractory heart failure, peripheral A-V fis- 
tula of fifty-seven years’ duration with 
(Dorney), 778 

Regurgitation, mitral, due to ruptured chordae 
tendineae correction by “mitral purse- 
string’ (Davila et al.), 940 

Rehabilitation literature 1950-1955, 159 (B. 
Rev. ) 

Renal function, effect of single intravenous dose 
of Scillaren B on pulmonary circula- 
tion and, in patients with rheumatic 
heart disease (Bucht et al.), 376 

hemodynamics and excretion of water and 
electrolytes, effects on; Pyribenza- 
mine (tripelennamine) (Moyer et al.), 
643 

Reports, 314 

Respiration, artificial, morphine-barbiturate 
anesthesia, and abdominal compres- 
sion, some circulatory effects of, based 
on ballistocardiographic observations 
on dogs (Scarborough), 651 

body position, and constraint experiments 
(Scarborough ), 656 

effects of, on electrocardiogram in relation to 
differences in right and left ventricu- 
lar stroke volume (Lamb), 342 

Respiratory center, sensitivity of, to carbon 
dioxide in emphysema and cor pul- 


monale: effects of carbonic anhydrase | 


inhibition (Taquini et al.), 319 
changes of spatial vectorcardiogram re- 


corded with different lead systems | 


(Simonson et al.), 919 
Rheumatic cardiovascular disease, chronic, 
electrocardiographic patterns simu- 
lating coronary occlusion in patients 
with (Master et al.), 50 
heart disease, effect of single intravenous dose 
of Scillaren B on pulmonary circula- 
tion and renal function in patients 
with (Bucht et al.), 376 


Rhythm, reciprocal, double atrial stimulation 
with (Zakopoulos), 291 
reversed (Soloff and Zatuchni), 634 
Rupture, traumatic, of interventricular septum 
(De Witte et al.), 628 


S 


Scalar presentation of orthogonal leads (Helm), 
9 


Schistosomiasis, Manson's, cyanosis in (Lopes 
de Faria et al.), 196 

Schriftenreihe der zeitschrift fiir die gesamte 
innere medizin, 479 (B. Rev.) 

Scillaren B, effect of single intravenous dose of, 
on pulmonary circulation and renal 
function in patients with rheumatic 
heart disease (Bucht et al.), 376 
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Sea level, electrocardiographic observations on 
ten subjects at, and during one year 
of residence at high altitudes (Pefia- 
loza and Echevarria), 811 

Sedation, effect of, on abnormal ballistocardio- 
gram of fatigue (Hakim et al.), 894 

Septal defect, aortic, congenital (Berreta et 
al.), 548 

atrial, congenital valvular stenosis of pul- 
monary and aortic valves with (Hor- 
lick and Merriman), 615 
ventricular: correlative clinical and physi- 
ologic study of fifty cases (Hubbard 
et al.), 210 
with aortic incompetence simulating pat- 
ent ductus arteriosus (Claypool et 
al.), 788 
defects, atrial, complicated by pulmonary 
hypertension, reduction of cardiac 
output by ligation of inferior vena 
cava in patients with (Bruce et al.), 
152 ; 

Septum, interventricular, traumatic rupture of 

(De Witte et al.), 628 

enzyme alterations associated with 

myocardial infarction, clinical signifi- 

cance of (Wrdéblewski), 219 

enzymes, methods of measurement of (Wrdéb- 
lewski), 220 

Shape and size of heart, importance of (Bur- 

ton), 801 


Serum 


| Shock, cardiogenic (Agress and Binder), 458 


coronary, clinical: hemodynamic changes 
(Agress and Binder), 468 
therapy of (Agress and Binder), 469 
hemorrhagic, experimental study of blood 
flow in neurogenic hypotension and 
(Roe and Bacon), 580 
Shunts, central, diagnosis of, from abnormali- 
ties of peripheral dye dilution curves 
(Wiederhielm and Bruce), 205 
Sinus, coronary, high output failure following 
arterialization of (Pappas and Likoff), 
588 
node, atrial vagal escape after crushing parts 
of (Scherf et al.), 264 
Size, shape and, of heart, importance of (Bur- 
ton), 801 


Smallpox vaccination, fatal myocarditis fol- 


lowing (Dalgaard), 156 
Sound, heart, first, factors influencing time of 
onset of, in normal subjects (Strober 
et al.), 684 
Sounds, cardiovascular, high sensitivity pickup 
for (Groom and Sihvonen), 592 
Spatial vectorcardiogram, direct, normal ( Korn- 
bluth and Allenstein), 396 
respiratory changes of, recorded with dif- 
ferent lead systems (Simonson et al.), 
919 
Stenosis, aortic, effect of Priscoline (tolazoline 
hydrochloride) on arterial pressure 
pulse contour in (Rosenberg et al.), 
118 
obstructive and _ relative. Differential 
diagnosis by phonocardiography (Aras 
vanis and Luisada), 32 
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Stenosis, aortic—Cont’d 


mitral, effects of acetyl strophanthidin on 
pulmonary circulation in_ patients 


with cardiac failure and (VIII); stud- | 


ies of pulmonary hypertension (Yu 
et al.), 235 

syndrome, tight, recurrence of, after com- 
missurotomy (Soulié et al.), 695 

ventricular gallop in. Its mechanism and 
significance (Contro), 246 

pulmonary, levoposition of pulmonary artery 

with; complete transposition of aorta 
(Bret and Torner-Soler), 385 

transposition of aorta 
artery with (Cleland et al.), 10 


recurring, discussion of basic factors in de- | 


velopment of (Soulié et al.), 703 
valvular, congenital, of pulmonary and aortic 


valves with atrial septal defect (Hor- | 


lick and Merriman), 615 
2-Step exercise stress test, electrocardiogram 
of (Manning), 823 
Stereovectorcardiography, three-plane, switch- 
ing circuit for (Helm), 602 
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Catheterization Monitor-Recorders, Operating Room 
Cardioscopes, Educational Cardioscopes, Electrokymo- 

aphs, Plethysmographs, Amplifying Stethoscopes, 
cease H Meters, Automatic Continuous Blood 
Pressure orders and Instruments for Measuring 
Radioactivity. 
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sponding extension or contraction of the 
capsule. Movement of the capsule is 
magnified and translated to a moving 
pointer, the shadow of which is projected 
into a photographic recorder (camera) 
where its movements are 

recorded on a moving strip 

of bromide paper or film. 


Send for Bulletin 182 


CAMBRIDGE INSTRUMENT C0O., Inc. 
Grand Central Terminal, New York 17, N. Y. 


Oak Park, Ill., 6605 West North Avenue 
Cleveland 15, 1720 Euclid Avenue 
Detroit 2, 7410 Woodward Avenue 

Philadelphia 4, 135 South 36th Street 
Silver Spring, Md.. 933 Gist Avenue 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 


CAMBRIDGE 


ELECTROCARDIOGRAPHS 
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ANGINA 


AND 


CORONARY 
DISEASE 


The Value of Blood Cholesterol Regulation 


Studies' indicate that atherosclerosis is the 
underlying disease process in 80-90% of 
Americans who had myocardial infarction 
or angina with abnormal EKG patterns. It 
is also known that patients with coronary 
disease frequently have elevated blood 
cholesterol levels. 


In these studies'* patients with coronary 
occlusion ‘“‘felt better’ when their blood 
cholesterol was reduced by diet and a special 
cholesterol lowering formula. Anginal symp- 
toms abated and none had a new coronary 
occlusion while on this therapy. 


Patients with anginal attacks treated by 
Schroeder’ with a high essential fatty acid 
and B, diet noted considerable lessening of 
anginal attacks. 


Van Gasse and Miller* report marked pain 
relief by angina patients while on linoleic 
acid and B, medication. They recommend 
this formula for patients with high choles- 
terol levels, coronary thrombosis or angina. 
(1) Lobecki, T. D.: Am. J. Clin. Nutrition 3: 132, 1955. 
(2) Gertler, M. M., et al.: Circulation 2: 696, 1950. 

(3) Gofman, J. W., et al.: Mod. Med. 21: 119, 1953. 

(4) Barr, D. P., et al.: Am. J. Med. 11: 480, 1951. 

(5) Schroeder, H. A.: J. Chronic Dis. 2: 28, 1955. 


(6) Van Gasse, J. J., and Miller, R. F.: A.M.A. Meeting, 
New York, June 3-7, 1957. 


The preponderance of evidence indicates 
that all persons who have elevated blood 
cholesterol (with or without clinical evidence 
of disease) . . . and all persons with a con- 
dition associated with atherosclerosis (even 
though blood cholesterol is normal) are candi- 
dates for a cholesterol regulation program. 


ARCOFAC (Armour Cholesterol Lowering 
Factor) was specifically formulated to lower 
blood cholesterol with as little as 1 dose a 
day . .. and at the same time allow the 
patient to eat a palatable, balanced and 
nutritious diet. ARCOFAC is the first truly 
practical and effective method for lowering 
blood cholesterol levels. 


Each tablespoonful of ARCOFAC emulsion 
contains: 

Linoleic acid........ 

Vitamin Bs 

Mixed tocopherols (vitamin E)...11.5 mg. 


Bottles of 12 fluid ounces. 


Arcofac 


Armour Cholesterol Lowering Factor 


THE ARMOUR LABORATORIES 


A DIVISION OF ARMOUR AND COMPANY «+ KANKAKEE, ILLINOIS 


December, 1957 
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NOW! FOR ANGINA PECTORIS 


Prescribe the 24 Hour Coronary Vasodilator 
with a 2-Year Clinical History of ‘Effectiveness 


Why prevent Angina Pectoris only part of 
the time when you can easily prescribe con- 
tinuous prevention with Pentritol Tempules. 
In a recent clinical study (soon to be pub- 
lished) the effect of Pentritol’s 24-hour vaso- 
dilation was observed, Over 90% of patients 
reported: 

1. Nitroglycerine requirements reduced; 

2. Pain reduced or eliminated; 

3. Fewer or no attacks; 

4. Work capacity increased. 
These results show the effectiveness of 
Pentritol’s 24-hour vasodilation. 


Samples and literature on request. 


PENTRITOL 


Tempules 


Timed disintegration capsules containing 
30 mg. pentaerythritol tetranitrate (PETN) 
controlled to release three 10 mg. doses which 
provide 12 hour coronary vasodilation. 


The Evron Company, 3540 Clark, Chicago 13, lil. 
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smooth, sustained 
vasopressor effect 
without 

reported 

tissue slough 


_ BITARTRATE 


(Metaramino! Bitartrate) 


INDICATIONS: acute hypotensive state due 

to spinal anesthesia; hypotension from 

hemorrhage, cardiogenic shock, drug sen- 

sitivity, surgical complications; shock as- 

sociated with brain damage or infectious 

disease. 

'ARAMINE' is a superior new vasopressor 

agent. Patients in shock respond with in- 

creased glomerular filtration rate, renal 

blood flow and urinary output. 'ARAMINE' 

offers these advantages: 

1. No tissue sloughs, necrosis or thrombo- 
phiebitis reported! 

2. Smooth vasopressor effect—no second- 
ary fall In blood pressure 

. Choice of parenteral routes—subcuta- 

neous, Intramuscular, intravenous 

4. Smooth and prolonged maintenance of 
blood pressure 

5. Tachyphylactic and hyperglycemic ef- 
fects unreported 

Supplied: in 1-cc. ampuls and 10-cc. vials 
(10 mg. /cc.). 

Reference: 1. Circu/ation 13: 834, 1956. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


December, 1957 
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Dosage: One to two tablets 
q.i.d. before meals 
and on retiring. 


In Angina Pectoris 


The Attacks Lessen and 
The Patient Loses His Fear 


Pentoxylon 


ach long-acting tablet provides the sustained coronary vaso- 
dilating effect of 10 mg. pentaerythritol tetranitrate (PETN) 
as well as the tranquilizing, anxiety-relieving and pulse-nor- 
malizing action of 0.5 mg. Rauwiloid® (alseroxylon). 


° Reduces incidence of attacks 
¢ Reduces severity of attacks 


* Reduces or abolishes need for 
fast-acting vasodilating drugs 


Reduces tachycardia 


e Reduces blood pressure in hyper- 
tensives, not in normotensives 


e Increases exercise tolerance 


* Produces demonstrable ECG 
improvement 


¢ Exceptionally well tolerated 


* Minimal side actions 


LOS ANGELES 
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...an important, new aid 


for reduction 
a of elevated cholesterol 


blood levels 


f Now, from the safflower 


(ABBOTT'S SAFFLOWER OIL EMULSION) 


PALATABLE, NEW EMULSION 
OFFERS THE HIGHEST PERCENTAGE 
OF UNSATURATED FATTY ACIDS 


OF ALL VEGETABLE OILS 
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Wheat t4-Q Sensible Breakfast 


Quaker Oats and Mother’s Oats, 
the two brands of oatmeal offered 
by The Quaker Oats Company, 
are identical. Both brands are 
available in the Quick (cooks in 
one minute) and the Old-Fash- 
ioned varieties which are of equal 
nutrient value. 


*WHEN THE DAY 


1400 CALORIES OR LESS PER DAY 


2400 CALORIES PER DAY 


4i@ division of his day into periods for pro- 
ductive work, for play, and for sleep makes man 
fare best when his total daily food intake is dis- 
tributed over three sensibly organized meals. 


Since a high percentage of adolescents and 
adults forego or skimp breakfast, the physician 
might well point out the need for a sensible 
breakfast: a meal which provides energy for a 
morning of productive work, which allays hunger 
until the noon meal, which supplies an adequate 
share of the day’s nutrient requirements, and 
which consists of inviting, easily digested foods. 


A dish of oatmeal helps fulfill the require- 
ments of such a breakfast: It provides readily 
available energy; it helps to allay hunger 
throughout the morning; it makes a notable 
contribution to the day’s nutritional needs; it 
fits into virtually every breakfast, including 
most of those especially low in calories. * 


Oatmeal is richer in protein than other whole- 
grain breakfast cereals. None are as high in thia- 
mine as oatmeal. Also, oatmeal provides other 
B-complex vitamins. Its mineral content, espe- 
cially of iron and phosphorus, rates it among 
the leaders. 


Its delicious taste and easy digestibility fur- 
ther qualify oatmeal as an ideal “habit food” 
for a sensible breakfast. 


"S CALORIE ALLOWANCE IS 
3000 CALORIES OR MORE PER DAY 


Breakfast 
Approximately 500 


Breakfast 
Approximately 300 Calories 
Orange juice, 4 oz. 

Oatmeal, 1 oz. 
Skim milk, 4 oz. 
Sugar, 1 tsp. 


Toast, 1 slice 
lightly buttered 


+Coffee without cream or sugar 


Oatmeal, 1 oz. 
Milk, 4 oz. 
Sugar, 1 tsp 

One egg 

Toast, 2 slices 


+For children substitute 4 oz. skim milk 


Orange juice, 4 oz. 


with butter or jelly 
+Coffee with cream and sugar 


The Quaker Oats O©mpany 


Breakfast 
Approximately 700 Calories 
Orange juice, 4 oz. 

Oatmeal, 1 oz. 
Milk, 4 oz. 

Sugar, 1 tsp. 

‘Two eggs 

Bacon, 2 strips 


Toast, 2 slices 
with butter or jelly 


+Coffee with cream and sugar 


Calories 


CHICAGO 


American Heart Journal 
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2. INDICATIONS: acute hypotensive state due 

- to spinal anesthesia; hypotension from 
hemorrhage, cardiogenic shock, drug sen- 

rT sitivity, surgical complications; shock as- 

l= sociated with brain damage or infectious 

g disease. 


'ARAMINE' is a superior new vasopressor 
agent. Patients in shock respond with in- 
creased glomerular filtration rate, renal 
blood flow and urinary output. 'ARAMINE' 
offers these advantages: 


1. No tissue sloughs, necrosis or thrombo- 
phlebitis reported! 


2. Smooth vasopressor effect—no second- 
ary fall In blood pressure 


3. Choice of parenteral routes—subcuta- 
neous, Intramuscular, intravenous . 


4. Smooth and prolonged maintenance of 
blood pressure 


5. Tachyphylactic and hyperglycemic ef- 
fects unreported 


Supplied: in i-cc. ampuls and 10-cc. vials 
(10 mg./cc.). 


Reference: 1. Circu/ation 13: 834, 1956. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 


December, 1957 
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whenever 
digitalis 
is needed 


‘LANOXIN 


formerly known as Digoxin *B. W. & Co.’ 


Levine, S. 


Lown, B.. Brown & Company: 


Boston, Little, 


‘LANOXIN’ TABLETS INJECTION ‘LANOXIN’ ELIXIR PEDIATRIC 
0.25 mg. seored ( white ) 0.5 meg 2 ec, (1.M. or 1.V 0.05 mg. in 1 ee. 


scored {green 


2) BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 


American Heart Journal 


“If one digitalis agent were 
to be recommended for us 
adaptability to the many and 
varied clinical contingencies» 
we believe Digoxin would be 
the drug of choice.” 
in Digitalis Therapy: 
23, par: 
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Pret 
‘> 2 ‘ 


PRAGTIGAL 


COROVAS 


Pentoerythritol tetranitrate 30 mg. 
Secobarbituric acid 50 mg. 


in a capsule of timed-disintegration pellets 


@ P-R-O-L-O-N-G-E-D PROPHYLAXIS... 
@ 24-HOUR FREEDOM FROM CORONARY VASOCONSTRICTION, mMoRE UNIFORM 
BLOOD LEVELS, FEWER SIDE EFFECTS, AND NO REPORT OF ACQUIRED TOLERANCE . 


1 COROVAS TrYMCAP, one-half hour 2 COROVAS rymcars, one every 12 


before breakfast, will increase the patient's resist- hours, will prolong effective coronary vasodilation 
ance to coronary vasoconstriction—at work and play 

... Another COROVAS TYMCAP before supper and free the patient from pain, fear and the risk of 
helps prevent fatal accidents when the patient is cardiac failure for a full twenty-four hours .. . 


asleep. 


COROVAS TYMCAPS are available in botties of 60, 120, 500 and 1000. For further data and a 
generous trial supply of COROVAS TYMCAPS, write to Medical Director. 


CHEMICAL COMPANY, ING. NEW yortio, 


In 
we 
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the small size is 


Re MODEL 300 


WISETTE 


ELECTROCARDIOGRAPH 


modern components, construction give greater durability 


The transistors, printed wiring panels and smaller 
galvanometer that help make the new 18 pound VISETTE 
ecg the size of a brief case also make possible another — 
and equally important — advantage: ruggedness. Metal- 
encased transistors, most of them smaller than a pencil 
eraser, are used in place of many vacuum tubes in the 
Visette circuit; they can withstand extreme jolts, jars and 
vibration without damage. And instead of dozens of con- 
nections which would ordinarily be made with wire, con- 
ductive paths are printed on small, rigid phenolic panels. 
The Visette’s direct-writing galvanometer, too, is designed 
for increased resistance to both physical and electrical 
hazards. The rigid metal frame and chassis, to which all 
units are anchored, is then housed in an outer case of 
high impact Royalite, reinforced with metal strips at 
points of greatest strain. 

Here is true portability — a carefully designed combin- 
ation of light weight (that every nurse and technician 
will appreciate); small size (that requires the same 
space on your desk as a letterhead); and ruggedness, that 
assures continued accuracy of operation after countless 
18 Ibs. trips in your car, on hospital and house calls, wherever 


your Visette is required. Handy ‘‘companions”’ for the 
TRANSISTORIZED Z Visette include a protective vinyl Weather Cover, anda 
$625 del. compact, attractive table for office use of the Visette. 


You can take it with you — with confidence. 


An informative four-page folder 
describes and pictures all major 
characteristics of the new Model 
300 Visette electrocardiograph. 
Copies available on request. 


40). SANBORN 


ANNIVERSARY 
1917-19857 


y MEDICAL DIVISION 


COMPANY 


175 Wyman St., Waltham 54, Mass. 
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vasopressor effect 
without 

reported 

tissue slough 


BITARTRATE 


(Metaramino! Bitartrate) 


INDICATIONS: acute hypotensive state due 

to spinal anesthesia; hypotension from 

hemorrhage, cardiogenic shock, drug sen- 

sitivity, surgical complications; shock as- 

sociated with brain damage or infectious 

disease. 

'ARAMINE' is a superior new vasopressor 

agent. Patients in shock respond with in- 

creased glomerular filtration rate, renal 

blood flow and urinary output. 'ARAMINE' 

offers these advantages: 

1. No tissue sloughs, necrosis or thrombo- 
phlebitis reported! 

2. Smooth vasopressor effect—no second- 
ary fall In blood pressure 

3. Choice of parenteral routes—subcuta- 
neous, Intramuscular, intravenous. 

4. Smooth and prolonged maintenance of 
blood pressure 

5. Tachyphylactic and hyperglycemic ef- 
fects unreported 

Supplied: in 1-cc. ampuls and 10-cc. vials 
(10 mg. /cc.). 

Reference: 1. Circu/ation 13: 834, 1956. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 
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Pen 


“Safe and effective mainte- 
nance therapy with digitalis 
glycosides had been a problem 
at our institution until we used 
gitalin [GITALIGIN]...’”* 


e Safest—the only cardioactive 
glycoside whose therapeutic dose 


VISUAL HEART CLINIC — ONE OF A SERIES is 14 its toxic dose. 
ARTERIOSCLEROTIC HEART DISEASE 
ROENTGEN CONFIGURATION e Moderate rate of elimination. 


Postero-anterior position 
Moderate left ventricular enlargement 
with prominence and calcification of 
aortic knob. 


Taken from White Laboratories’ Technical Exhibit, . Uniform clinical potency. 
American Medical Association, 105th Annual Meeting, 
Chicago, June 11-15, 1956. 


e Short latent period. 


Patients now on other cardiotonics may be 
easily maintained on Gitaligin: 0.5 mg. of 
Gitaligin is approximately equivalent to 
0.1 Gm. digitalis leaf, 0.1 mg. digitoxin, 
0.5 mg. digoxin. 


GITALIGIN TABLETS — Bottles of 30, 100 and 1000. 


GITALIGIN DROPS— 30 cc. bottles with dropper 
calibrated for 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 mg. 


> now available 

GITALIGIN INJECTION—5 cc. ampuls contain- 
- ing 2.5 mg. (0.5 mg. per cc.) of Gitaligin. : 
° Packages of 3 and 12 ampuls. ° 


a *HARRIS, R.. AND DEL GIACCO R.R.:AM HEART J. (AUG.) 1956, BIBLI- 
— OGRAPHY ON REQUEST 


#\GITALIGIN 


(WHITE'S BRAND OF AMORPHOUS GITALIN) 


White Laboratories, Inc. + Kenilworth, New Jersey 
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| mg. Chart shows course of hypertensive 

. patient over 31/2 years. Red area shows pressure before treat- 
- ment—as high as 270/150. Black area shows response to Serpasil 
° and Apresoline therapy. This favorable response to Serpasil/ 

= ; Apresoline was achieved with a maximum of only 100 mg. Apresoline 

oak daily, a dose so low as to virtually eliminate side effects. 

— (Chart adapted from Wilkins, R.W.: Ann. New York Acad. Sc. 59: 

rane 356, 1954.) When blood pressure must come down, consider Serpasil- 

Apresoline combination tablets. Serpasil®-Apresoline® HCl 
(reserpine-hydralazine HCl CIBA). C [ B A Summit, N.J. 
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an adwanced method of 
theophylline therapy 


CLYSMATHANE 


Disposable Rectal Unit 


simple...safe...effective... 


For the alleviation of symptoms in bronchial 
asthma and the acute episodes of heart failure, 
CLYSMATHANE(Fleet)supplies prompt therapeu- 
tically adequate blood levels of theophylline.” 


Even after repeated dosage CLYSMATHANE 
(Fleet) minimizes the side effects often asso- 
ciated with oral or parenteral theophylline 
administration. The plastic squeeze bottle (with 
attached, prelubricated, non-traumatic rectal 
tube) is designed for self-administration. 


Unit as a retention enema before retir- 
ing or as directed. Available on prescrip- 
tion at professional pharmacies. 


Dosage: One CLYSMATHANE (Fleet) V4 


Composition: Theophylline monoetha- 
nolamine (Theamin, Fleet) 0.625 Gm. 
aqua 37.0 ml. in rectal dispenser. Units 
packed in individual cartons, manufac- 
turer’s label readily removable. 


REFERENCE: (1) Ridolfo, A. S. & Kohlstaedt, 
K. G., “A simplified method for the rectal in- 
stillation of theophylline”’— to be published 


CLYSMATHANE 


(FLEET) 


Disposable Rectal Unit 


pice 


Professional Samples and literature on request 


B. FLEET Coa., INC. 
Lynchburg, Virginia 


American Heart Journal 
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_ BITARTRATE 


(Metaraminol Bitartrate) 


INDICATIONS: acute hypotensive state due 

to spinal anesthesia; hypotension from 

hemorrhage, cardiogenic shock, drug sen- 

sitivity, surgical complications; shock as- 

sociated with brain damage or Infectious 

disease. 

'ARAMINE' is a superior new vasopressor 

agent. Patients in shock respond with in- 

creased glomerular filtration rate, renal 

blood flow and urinary output. 'ARAMINE' 

offers these advantages: 

1. No tissue sloughs, necrosis or thrombo- 
phlebitis reported! 

2. Smooth vasopressor effect—no second- 
ary fall In blood pressure 

3. Choice of parenteral routes—subcuta- 
neous, Intramuscular, intravenous : 

4. Smooth and prolonged maintenance of 
blood pressure 

5. Tachyphylactic and hyperglycemic ef- 
fects unreported 

Supplied: in 1-cc. ampuls and 10-cc. vials 
(10 mg./cc.). 

Reference: 1. Circu/ation 13: 834, 1956. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 
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The Interpretation of the 
UNIPOLAR 


Table of Contents 


A. 


Introduction. 
The Relation of the Electro- 
cardiographic Deflections to 
Mechanical and Electrical 
Events in the Cardiac Cycle. 
* * 


B. 


Procedure for the Interpre- 
tation of Multiple Precordial 
and Unipolar Limb Leads. 
* * 


Cc 


Origin and Form of the 
Normal and Abnormal 
QRS-T Complex. 


* * * 


D 


Disorders of Rate and 
Rhythm. 
* * * 


E 


Summary of QRS-T Patterns 
in Unipolar Thoracic and 
Limb Leads. 


THE C. V. MOSBY COMPANY 
3207 Washington Bivd., 
St. Louis 3, Missouri. 


ELECTROCARDIOGRAM 


by 
GORDON B. MYERS, M.D. 
Professor of Medicine 
Wayne University College of Medicine 
Head, Department of Medicine 
City of Detroit Receiving Hospital 


164 pages (814” X 11”) 
Price, $4.75 


This work is the outgrowth of previous manuals pre- 
pared to supplement the Graduate Course in Electrocardi- 
ography given at Wayne University College of Medicine 
for many years. The objective is an organized presenta- 
tion of the interpretation of the unipolar electrocardiogram. 
The only basic physics included is that considered essential 
to the interpretation of the tracing; controversial theories 
that do not contribute to clinical analysis have been 
omitted. 

The analysis of the arrhythmias is made from leads that 
clearly display auricular as well as ventricular deflections; 
the interpretation of the QRS-T complex is based upon 
the findings in multiple precordial and back leads, supple- 
mented, when necessary, by esophageal and unipolar limb 
leads. The registration of the normal and abnormal QRS-T 
complex is based upon concepts developed by Frank N. 
Wilson and associates and shown to be consistent with 
experimental and post-mortem findings. These concepts 
have been presented in detail and suitably illustrated with 
diagrams as an introduction to clinical analysis. Efforts 
have been concentrated on a systematic lucid description 
of electrocardiographic findings in an attempt to make 
reproduction of tracings unnecessary. 

Electrocardiographic interpretation in this manual has been 
approached as an entity, in order to facilitate description 
and evaluation of its contribution to Cardiology. 


Gentlemen: Send me Myers “THE INTERPRETATION OF THE UNIPOLAR ELECTROCARDIOGRAM,” priced 


at $4.75. Attached is my check. 


Charge my account. 


American Heart Journal 
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<> 
just two tablets 
at bedtime 


for gratifying 
rauwolfia response 


virtually free from side actions 


Rauwiloid® 


LOS ANGELES 
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To be Released February 28th 


The First Complete Monograph 
on this Subject to be Published 


CARDIAC ARREST 
And RESUSCITATION 


By Hugh E. Stephenson, Jr., M.D., Assistant 
Professor of Surgery, University of Missouri 
School of Medicine. 


Few emergencies are remembered as vividly as those of sudden 
cessation of cardiac output—an emergency experienced by al- 
most every surgeon and anesthetist. An adequate knowledge of 
the subject falls by necessity into the scope of nearly every 
physician—be he a surgeon, anesthesiologist, cardiologist, or a 
generalist. Stephenson’s CARDIAC ARREST AND RESUS- 
CITATION was written to stimulate thinking and further un- 
derstanding of the problem of cardiac arrest and resuscitation 
and particularly to acquaint physicians in all areas of medicine 
with the facts necessary to successfully resuscitate a human 
heart. The first complete monograph on the subject, this im- 
portant work sets forth in one comprehensive volume all the 
available data on the subject—historical, practical and research 
wise. The only comprehensive book on this subject available, 
this presentation represents information that may not be al- 
ready known by the average physician. Particularly worth- 
while data on Neurosurgical sequelae following cardia arrest is 
available here for the first time. A detailed account of “elec- 
tive” .cardiac arrest adds to the value of this important work. 


Cardiac Arrest and Resuscitation will be released on 
February 28th. About $12.00. Reserve your copy now. 


©. Wee Mosty Company 


3207 Washington Boulevard Saint Louis, Missouri 


American Heart Journal 


| | 
| She 
Page 28 


To cut daytime lethargy 


(and keep rauwolfia potency) 


in treatment 


of hypertension: 


Additional clinical evidence! supports 
the view that HARMONYL offers full 
at 3:15 : rauwolfia potency coupled with much 
: “oe less lethargy. In a new comparative 
Mr. Haskins had \ study HARMONYL was given at the 
same dosage as reserpine and other 
rauwolfia alkaloids. Only one 
War and Peace j HARMONYL patient in 20 showed 
/ lethargy, while 11 patients in 20 

showed lethargy with 


reserpine; 10 in 20 with Obbott 


the alseroxylon fraction. 


to dictate 


712291 


for your hypertensives 


who must stay on the job 


while the drug works effectively . . . 


so does the patient 


. 
£4 
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the Assistant who's Always “in 


YOUR BECK-LEE 


DIRECT-WRITING ELECTROCARDIOGRAPH 


MAINTAINS PRODUCTIVE 
OFFICE ACTIVITY 
EVEN WHILE YOU ARE AWAY 


AMONG BUSY DOCTORS, the 
Beck-Lee Cardi-all rates high in preference 
—because it helps make more hours 
productive hours. So simple to operate, any 
member of your staff can be trained in 
less than one hour to make fast, accurate 
EKG recordings, even while you are 
engaged in house and hospital calls. 


SEE THE Cardi-cll DEMON- 
STRATED right in your own 
office, without obligation. Fill 
out and mail the coupon today! 


® Positive Clinical Accuracy 
Realistically 
Priced at Simplicity of Operation 
©@ Freedom from Maint Cares 
$ 59 5 © Lifetime Standardization Cell 
® 10-Second Paper Loading 
Complete with ®@ Simplified Automatic Controls 


All Accessories © Light-Weight Portability 
®@ Solid Mahogany Cabinet, in Blonde or Natural 


World's Largest Exclusive Manufacturer of Electrocardiographs 


BECK-LEE CORPORATION 
630 W. Jackson Blvd. 
Chicago 6, U.S.A. 


Please send full details on the new Cardi-all, and name 
of the nearest Cardi-all dealer 


630 West Jackson Boulevard 


Chicago 6, U.S.A. 
DEPT, AH-1257 
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Sustained 


penicillin 600,000 units—16 days! 


levels 1,200,000 units—35 days! 
with ONE 2,400,000 units—44 days! 


injection 
long-action to supplant re] 


e In the emergency room 
e In the outpatient clinic 
e On the wards 
e In the office 

In the home 


. Supporting literature and studies on file in Medical 
Department of Wyeth Laboratories. 


INJECTION 


BICILLIN 


LONG-ACTING 


Benzathine Penicillin G 
(Dibenzylethylenediamine Dipenicillin G) 


Now 
lone 


smooth, sustained 
vasopressor effect 
without 

reported 

tissue slough 


BITARTRATE 


(Metaraminol Bitartrate) 


INDICATIONS: acute hypotensive state due 

to spinal anesthesia; hypotension from 

hemorrhage, cardiogenic shock, drug sen- 

sitivity, surgical complications; shock as- 

sociated with brain damage or infectious 

disease. 

'ARAMINE' is a superior new vasopressor 

agent. Patients in shock respond with in- 

creased glomerular filtration rate, renal 

blood flow and urinary output. 'ARAMINE' 

offers these advantages: 

1. No tissue sloughs, necrosis or thrombo- 
phlebitis reported! 

2. Smooth vasopressor effect—no second- 
ary fall In blood pressure 

. Choice of parenteral routes—subcuta- 

neous, Intramuscular, intravenous 

4. Smooth and prolonged maintenance of 
blood pressure 

5S. Tachyphylactic and hyperglycemic ef- 
fects unreported 

Supplied: in 1-cc. ampuls and 10-cc. vials 
(10 mg./cc.). 

Reference: 1. Circu/ation 13: 834, 1956. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC., PHILADELPHIA 1, PA. 
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a new useful dosage form of Equanil 


W | 
| 


Meprobamate, Wyeth 


Especially coated, easy to swallow 

Tranquilizer-conscious patients will not recognize new yellow tablets 
Different from regular 400-mg. and 200-mg. tablets 

Same indications, same dosage as original EQUANIL 


NOW YOU HAVE A CHOICE OF 3 EQUANIL TABLETS 


400 mg. 
Yellow tablets, bottles of 50. 


200 mg. 
Distinctive, shield-shaped, 400 mg. 
scored tablets for fine dosage Regular, scored, white 
adjustment, bottles of 50. tablets, bottles of 50. 


—A Wyeth normotropic 
drug for nearly every 
patient under stress 


*Trademark. TPromethazine 


Hydrochloride, 


Wyeth 


: 
; 
® 


“the value of analgesic and tranquilizing agents 
should be clearly recognized in the management of [angina] . . .”4 


new for angina 


PENTAERYTHRITOL BRAND OF 
TETRANITRATE HYOROXYZINE 


In pain, Anxious. Fearful. On the road to cardiac 
invalidism. These are the pathways of »ngina pa- 
tients. For fear and pain are inextricabl. linked in 
the angina syndrome. 


For angina patients — perhaps the next one who en- 
ters your office—won’t you consider new CARTRAX? 
This doubly effective therapy combines PETN (pen- 
taerythritol tetranitrate) for lasting vasodilation and 
ATARAX for peace of mind. Thus CARTRAX relieves 
not only the anginal pain but reduces the concomi- 
tant anxiety. 


Dosage and supplied: begin with | to 2 yellow tab- 
lets (10 mg. PETN plus 10 mg. ATARAX) $3 to 4 times 
daily. This may be increased for maximal effect. by . 
switching to pink tablets (20 mg. PEtN plus 10 mg. 
ATARAX). In bottles of 100. 

New York 17, New York CARTRAX should be taken before meals, on a contin- 
uous dosage schedule. Use with caution in glaucoma, 


1. Russek, H. 1.: J. Am. Geriat. Soc. 4:877 (Sept.) 1956. 
* Trademark 
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\ links freedom from anginal attacks with a shelter of tranquility i 
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disappointed with half measures in angina? 


READ THIS 


December, 1957 
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IN HYPERTENSION... for full response 


Specific Agent 
PLUS Specific Adjuvant 


Typically, your hypertensive patient has two sets of symptoms—hypertensive and 
emotional. Each may intensify the other. For fofa/ management, the use of 
ANSOLYSEN and EQUANIL controls both sets of symptoms.'.? 


ANSOLYSEN reduces the elevated pressure and induces corresponding remission 
in the hypertensive symptoms and signs. EQUANIL alleviates the complicating 
stress symptoms, relieves the anxiety, tension, nervousness, insomnia. Together, 
the two agents provide you with a means for comprehensive management of 


your hypertensive patient. 


1. Dunsmore, R.A., and others: Am. J. M. Sc. 233:280 (March) 1957. 
2. Fulton, L.A., and others: Am. Pract. & Digest Treat. 8:1376 (Sept.) 1957. 


ANSOLYSEN 


TARTRATE 


Meprobamate, Wyeth 


LOWERS BLOOD PRESSURE RELIEVES TENSION— 


MENTAL AND MUSCULAR 


® 
Philadelphia 1, Pa. 
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elevated 
serum 
cholesterol 


two factors 


recommended as aids in the management and prevention of atherosclerosis in 


LINODOXINE 


LINOLEIC ACID (ESSENTIAL UNSATURATED FATTY ACID) AND PYRIDOXINE HCI 


l Linoleic acid—essential unsaturated fatty Supplied: Pleasantly orange-flavored 


acid—to help restore and maintain the LinopoxiNE Emutsion, bottles of 1 pint; 
proper ratio between saturated and unsat- LinopoxiNE CapsuLes, bottles of 100. 
urated fat in the diet. 1. Van Gasse, J. J., and Miller, R. F.: Current Concepts 


on the Etiology and Management of Atherosclerosis, 
Pyridoxine essential for the utilization Scientific Exhibit, American Medical Association Meeting, 


of linoleic acid in the body. New York, June 3-5, 1957. 


* 
Significant reduction of elevated serum Trademark 


cholesterol has been obtained with Linodoxine =~ PrizER LABORATORIES 
in clinically well patients and in those with ( Pfi =F) Division, Chas. Pfizer & Co., Inc. 
diagnosed coronary disease." : Brooklyn 6, N. Y: 


| 
PE 
‘sgh 
ial 


Christmas! Bah/ Humbug!” 


The man in the wheel chair leaned into the microphone. ‘“‘Christmas!” he snarled. “Bah! 
Humbug!” And, as they had in Christmases past, millions of young listeners chilled at the 
mental picture of the baleful Scrooge. 

It was a Christmas institution, back in the Forties, this annual reading of Charles Dickens’ 
classic. Its reader was something of an institution himself. In his turbulent lifetime he had 
been an unsuccessful painter but a good amateur second-baseman, a composer whose music 
was played by the New York Philharmonic, and a model for Frederick Remington. 

To most people, though, he was Lionel Barrymore, the actor, and they loved him. 

He was both crusty and kindly (he loved reading ‘A Christmas Carol”), adventurous, 
stubbornly independent in thought and outlook. And game as they come. Although an 
accident in 1936 imprisoned him in a wheel chair, he went resolutely on—working in motion 
pictures and making public appearances for nearly twenty years more. 

No question but that Lionel Barrymore was one-of-a-kind. Yet the qualities so richly 
combined in him exist in a large measure among all the 170 million of us who call ourselves 
Americans. 

They’re why we are what we are, why our country is one of the strongest on earth. And 

why there is no wiser investment than an investment in America—through U. S. Savings 
Bonds, which guarantee the safety of your savings, up to any amount, and the rate of your 
return. Start buying Bonds today, through Payroll Savings or where you bank. And hold 
onto them! 
Now Savings Bonds are better than ever! Every Series E Bond purchased since February 1, 
1957, pays 3-'4% interest when held to maturity. It earns higher interest in the early years than ever 
before, and matures in only 8 years and 1] months. Hold your old E Bonds, too. They earn more 
as they get older. 


PART OF EVERY AMERICAN’S SAVINGS BELONGS IN U.S. SAVINGS BONDS 


The U. S. Government does not pay for this advertisement. It is donated by this publication in 
cooperation with the Advertising Council and the Magazine Publishers of America. 
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Emotional stress is a serious 
threat to an already 
diseased heart. Thoracic 
muscular tension simulating 


cardiac pain is an added 
source of apprehension. 


Anxiety may precipitate 
tachycardia, various 
arrhythmias, coronary 
insufficiency, and increased 
cardiac decompensation. 


‘Miltown’ relaxes both 
mind and skeletal muscle. 
Therapeutic management 
with ‘Miltown’ (200 mg. 
q.i.d.) “definitely reduced 


nervous tension and 7 
Miltown 
(80 cases), and enhanced 

THE ORIGINAL MEPROBAMATE 


recovery from acute cardiac 
° d s in man cases * f , DISCOVERED & INTRODUCED BY | 
episode y | | WALLACE LABORATORIES | 


* Waldman, S. and Pelner, L.: Me t of d NEW BRUNSWI 
with heart disease. Am. Pract. & Digest Treat. 8:1075, ray 1957. os ne es 
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24 steps to a hospital bed 


The commonest task, such as climbing a flight of 
stairs, confronts the angina pectoris patient with 
a fearful question: “Will I be able to make it?” 


Exertion leads to attacks... and fear of attacks 
leads to an increasing restriction of activities. Ulti- 
mately, even the attack-free intervals may lose all 
semblance of normal living. 


Remove the fear factor. In 4 out of 5 patients, 
routine prophylaxis with Peritrate reduces the in- 
cidence and severity of anginal attacks, improves 
abnormal EKG tracings and increases exercise 
tolerance. 


A new sense of freedom restores the “cardiac 
cripple” to a sense of usefulness and participation, 


although he should not now indulge in previously 
prohibited strenuous exercise. 


Peritrate prophylaxis is simple: 10 or 20 mg. be- 
fore meals and at bedtime. The specific needs of 
most patients are met with Peritrate’s five conven- 
ient dosage forms: Peritrate 10 mg. and 20 mg. 
tablets; Peritrate Delayed Action (10 mg.) for 
protection continued through the night; Peritrate 
with Phenobarbital (10 mg. with phenobarbital 
15 mg.) where sedation is also required; Peritrate 
with Aminophylline (10 mg. with aminophylline 
100 mg.) in cardiac and circulatory insufficiency. 


Usual Dosage: A continuous schedule of 10 to 20 
mg. before meals and at bedtime. 


Peritrate’ 


(brand of pentaerythritol tetranitrate) 


WARNER-CHILCOTT 


100 YEARS OF SERVICE TO THE 


MEDICAL PROFESSION 


Pade ov 


“ig 


The efficacy of Rolicton (brand of amiso- 
metradine) in maintaining diuresis in the ede- 
matous patient has been established on an 
average dosage of one tablet b.i.d. Larger 
doses may be given as initial therapy and as 
maintenance therapy in edema difficult to 
control. Many patients will respond to one 
tablet daily. 

“The margin of safety and the diuretic index is 
certainly an improvement over the use of oral mer- 
curial diuretics.”! 


Avoiding “Peaks and Valleys” 

A highly desirable effect, and one which 
has been made possible with Rolicton, is the 
maintenance of continuous diuretic effective- 
ness day after day over an extended period, 
to avoid the up-and-down weight pattern 
typical of other edema-control methods. 


The glomerulus is invested in the lam- 
ina densa which is continuous with 
the basement membranes of the outer 


capsular epithelium. 


Illustration by Hans Elias 


Rolicton’ Diuresis Maintains 
Continuous Edema Control 


“There was an obvious stabilization of weight 
in practically all of the patients under observation, 
and previous wide fluctuations in poundage disap- 
peared.”2 


Mercury-Sparing 

Typical of the Rolicton diuresis pattern is 
the ability of the drug to reduce and, in a 
large percentage of patients, to eliminate the 
need for mercurials parenterally. 

“... the drug represents a most useful addition 
to our armamentarium in the treatment of edema, 
not only because it can be given orally . . . but more 
so because it permits [us] to replace or to spare the 
. . mercurials.”3 


G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


1. Asher, G.: Personal communication, June 23, 1956. 

2. Settel, E.: Rolicton® (Aminoisometradine), a New, Non- 
mercurial Diuretic, Postgrad. Med. 2]:186 (Feb.) 1957. 

3. Goldner, M. G.: Personal communication, June 29, 1956. 
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of the 
Standardized 3 
Tablets | 2 nd serve 
Sulfate | 


Natural 
0.2 Gram 


(approx. 3 grains) | 
‘produced by 
_ Davies, Rose & Co., Ltd. 


Changing Your 
Address - - 


WHEN YOU MOVE, PLEASE: 


tg (1) Notify us to change your 
the name, the address—allow us six weeks 
to make the change. 


(2) Mention the name of this 
Journal. (We publish 
twelve periodicals. ) 


(3) Give us your old address. 
If possible, return the ad- 
dressed portion of the en- 
velope in which we sent 
your last copy. 


(4) Give us your new address— 
complete — including the 
Postal zone number. 


(5) Please print your name and 
address. 


Thank You! 


CIRCULATION DEPARTMENT, The C. V. 
Mosby Company, Publishers 


3207 Washington Blvd., St. Louis 3, Mo. 
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Permanent Pictorial 
and Aural Records 
of Heart Sounds 


kay Cardialyzer 


FOR ANALYSES OF 
HEART & AUSCULTATORY SOUNDS 


@ Can be stored for ready reference 
@ Can be mailed for examination 
@ Can be filed with case history 


The Cardialyzer is an audio and sub-audio 
spectrograph designed specifically for anal- 
yses of all heart sounds. The unit displays 
a three dimensicnal qualitative and quanti- 
tative analysis of frequency vs amplitude vs 
time. Time correlation is assured between 
the electrical events of the heart cycle (as 
recorded on ECG) and the sounds that are 
heard during recording and which appear 


graphically on the final Cardiagram. Rec- 
ords (Cardiagrams) are permanent and 
may be filed with patient’s medical record. 
The magnetic recording medium is a 12” 
diameter disc which can be removed and filed 
with the medical record. This blank may be 
held indefinitely or used again to record an- 
other patient’s heart sounds. It is flexible 
and may be folded without damage. 

The Cardialyzer is complete within itself; 
no other tape recording apparatus is needed. 
REF.: SPECTRAL PHONOCARDIOGRAPHIC 
DEMONSTRATIONS OF SELECTED VARIE- 
TIES OF CARDIOVASCULAR SOUNDS, Ameri- 
can Heart Journal, Vol. 49; No. 6. Pg. 911, June 


1955—CARDIOSPECTROGRAMS, American Heart 
Journal, Vol. 48; No. 2. Pg. 189, Aug. 1954. 


Price $2850.00 f.o.b. Pine Brook 
Microphone and 
Pre-amplifier . . .$250.00 f.o.b. Pine Brook 


For Details and Complete Specifications, Write: 


KAY ELECTRIC COMPANY 


Dept. AH-12 


14 MAPLE AVE., PINE BROOK, N.J. 


CAldwell 6-4000 


OXYGEN SATURATION ? 


Can be measured... 


ACCURATELY 
QUICKLY 
DIRECTLY 
EASILY 


with the 


MODEL 181 CUVETTE 


CUVETTE OXIMETER 


the culmination of twenty man-years of research and 
development will do all these things NOW, and... 


Requires less than 1 cc. per sample © Can be sterilized Is easy to clean 


e Gives multi-scale meter reading 


e Requires no technical training for use 


Complete data on request. 


e Drives ink recorders directly 
e Indications virtually instantaneous 


AMERICAN ELECTRONIC LABORATORIES, INC. 
121 N. 7th STREET * PHILADELPHIA 6, PENNA. 
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KEY MAN AGAINST CANCER 


YOUR OFFICE, DOCTOR, is the “cancer detection center” which we urge all adults 
to visit once a year, and where early diagnosis of cancer can help save many thou- 
sands of lives. It is upon you that we largely rely for the carrying out of many 
aspects of our education, research and service programs. As members of our Boards 
of Directors — on the National, Division and Unit levels — it is your thinking and 
your guidance which are such vital factors in creating and executing our policies 
and programs. 

You, of course, are concerned with all the ills affecting the human body. The 
American Cancer Society deals specifically with cancer. But our mutual concern — 
the tie that binds us inextricably—is the saving of human lives. Through your efforts, 
we may soon say—‘‘one out of every two cancer patients is being saved.” Indeed, 
with your help, cancer will one day no longer be a major threat. 


AMERICAN CANCER SOCIETY % 
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Integrated and ENTIRELY NEW! 


PRACTICE of MEDICINE 


Edited By 
JONATHAN CAMPBELL MEAKINS 


1916 Pages 
318 Illus. - 4 in Color. 
6th Ed. - Price, $16.00. 


ASSOCIATE EDITORS 
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Surgeons, Columbia University. 
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Except for the title there is very little similarity between 
this enlarged and expanded edition of “PRACTICE OF 
MEDICINE” and the five previous editions. Where the 
first five editions were almost entirely the work of Doctor 
Meakins, he has served only as Editor-in-Chief of this 
edition. Working under him were 24 Associate Editors— 
and they, in turn, had 87 contributors do most of the actual 
writing. As a result the book is entirely new and dif- 
ferent. 


Designed to assist the practitioner of medicine in solving 
the numerous puzzles and problems which he daily en- 
counters, this book is arranged according to diseases of 
the various systems and organs—a plan that lends itself 
It is eminently a clinical book with symip- 
toms being given particular prominence. The pathological 


to simplicity. 


basis of symptoms is everywhere stressed, and the bedside 
recognition and interpretation of clinical signs is described 
with a sustained interest and lucidity rarely found in tomes 
of this size. 


The major responsibility of this revision was placed in the 
hands of the 24 Associate Editors—each unto his own 
particular realm; each with a broad understanding of the 
unity of medicine as a whole; each realizing that the wide 
subject of man’s disabilities could not be viewed as made 
of segregated entities, but that there must be coordination 
of the anatomic, physiologic, emotional, and environmental 
whole. 


In each section where applicable, reference to the so-called 
psychosomatic patterns and psychologic aspects has been 
made, and there is, finally, a section on Psychosomatic 
Medicine, designed to knit the general concepts of this 
branch into an integrated whole. 


THE C. V. MOSBY COMPANY, 


3207 Washington Blvd., 
St. Louis 3, Missouri 


Gentlemen: Send me Meakins “PRACTICE OF MEDICINE,” 


priced at $16.00. ....Attached is my check. ....Charge my 
account. 
HT-12-57 
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Opens Up a World of 
Possibilities in EKG 


New Bases 
of 


ELECTROCARDIOGRAPHY 


by 


DEMETRIO SODI-PALLARES, M.D., Chief of the Department 
of Electrocardiography at the National Institute of Cardiology of 
Mexico; Professor of Cardiovascular Clinics at the National Uni- 
versity of Mexico, Mexico City. 


With the Collaboration of ROYAL M. CALDER, M.D., Editor, 
English Translation, Clinical Professor of Medicine, Graduate 


School, Baylor University. 
727 Pages, 520 Illustrations. PRICE, $18.50. 


Books that teach and discuss the scientific bases on which electrocardiography rests, 
or all the experimental work that has been done to elaborate it, are very few. Such a 
book is what Dr. Sodi-Pallares gives the medical profession in this new treatise. 


In this work the author has taken on his shoulders the work of bringing together 
and explaining the scientific bases of electrocardiography in terms within the reach of 
the medical reader—and demonstrates the results of their application. The reader dis- 
covers a world of possibilities in front of him. The membrane theory of Bernstein, the 
dipole theory of Craib; the prolific and much discussed theory of the Einthoven triangle; 
the application of the solid angle; the concepts on the ventricular gradient; all of these 
applied to the interpretation of an electrocardiogram illuminate the tracing and reveal 
paths of interpretation heretofore unknown. Such is the material presented in this 
book. It is a book concerned with the “how’s” and “wherefore’s” in electrocardio- 
graphy. It is not intended for the presentation of established formulas, but the present 
methods for the better understanding of the tracings and to interpret them in the light 
of what is now known concerning the electrophysiology of the heart. 


THE C. V. MOSBY COMPANY 
3207 Washington Bivd. 

St. Louis 3, Missouri 

Gentlemen: Send me a copy of Sodi-Pallares’ “NEW BASES OF ELECTROCARDIOGRAPHY,” priced at $18.50. 


. okie Attached is my check. ...... Charge my account. 


Ht-12-57 
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RECOVERY RATE: OVER 90%. \ 
_..in over 700 published cases / 
of thromboembolic disease 


MAND OF PHENINOION! 
(2-Phen yi 1, 3 

4 50 mg- |. 

UTION: Federal Law prom?” 


HEDULIN is the trademark for the Walker brand of phenindione. 50 mg. scored tablets for therapeutic use; 20 mg. scored 
tablets for prophylactic use. Bottles of 100 and 1,000. 1. Breneman, G. M., and Priest, E. McC.: Am. Heart J, 50:129 (July) 1955. 
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when Rauwolfia or sedatives alone fail 


to lower blood pressure sufficiently 


Many hypertensive patients re- 
spond better to VERALBA-R than 
to various single drugs they had 
previously been given. Consistent 
control of blood pressure, and ab- 
sence of any dangerous side effect 
can be expected in most cases. 


Composition: Each grooved, uncoated 
Veralba-R tablet contains 0.4 mg. of 
chemically standardized protoveratrine 
and 0.08 mg. of reserpine. 


Literature and clinical supply package 
available to physicians on request. 


VERALBA-!\R 


'PITMAN-MOORE company 


i DIVISION OF ALLIED LABORATORIES, INC., INDIANAPOLIS 6, INDIANA 
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Litty 


Quatity / RESEARCH /INTEGRITY 


provides complete control 


of digitalis dose 


CRYSTODIGIN 


(Crystalline Digitoxin, Lilly) 


permits accurate dosage titration to 
produce the maximum therapeutic effect 


Since initial digitalization and maintenance dosage must 
be carefully individualized, ‘Crystodigin’ fulfills the im- 
portant requirements of a preferred digitalis. ‘Crystodigin’ 
is a crystalline-pure, uniformly potent single glycoside 
Available in scored tablets of 0.05 _ that is completely absorbed in the gastro-intestinal tract. 
mg. (orange), 0.1 mg. (pink), 0.15 
mat ma. With the maximum effect can 
and in 1-cc. and 10-cc. ampoules, | be safely determined by dosage titration in increments 


0.2 mg. per cc. as small as 0.025 mg. 


770005 


EL! LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U.S.A. 
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